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BULLETIN 


OF THE 


AMERICAN PHYSICAL SOCIETY 


JOINT MEETING WITH THE SOCIEDAD MEXICANA DE FISICA, 
AT THE CIUDAD UNIVERSITARIA, AUGUST 29-31, 1955 


Bring your copy of this Bulletin to Mexico City! 


GAIN we are to have the privilege of meeting 

in Mexico. The dates will be Monday, Tues- 
day, and Wednesday, August 29, 30, and 31. The 
place will be the new Ciudad Universitaria on the 
southern outskirts of Mexico City. Those who went 
to our convention in Mexico City in 1950 will need 
no urging to incline them to go again; those for 
whom this will be the first experience of Mexico 
have something new and wonderful before them. 
To Dr. Manuel Sandoval Vallarta we owed the 
1950 meeting and the first invitation to come to 
Mexico for another. To the officers of the Sociedad 
Mexicana de Fisica we owe the welcome proposal 
that this should be a joint meeting of the two 
Societies. On them, and particulatly on President 
Carlos Graef Fernandez of the Sociedad, has de- 
volved the heavy task of making the arrangements 
for this joint convention. We shall owe them much, 
and anticipatory thanks are here expressed, to be 
amplified when the Minutes of this meeting are 
published. We owe thanks also to Rector Nabor 
Carrillo of the Universidad Nacional Aut6énoma de 
Mexico for placing at our disposal the fine new 
buildings of the Universidad, which—like much 
else in Mexico—will be a surprise to those who 
attended the 1950 meeting. 


Notes concerning travel. We are going to a 
foreign land, where climate, altitude, customs, and 
diet may be strange to some of us. The first thing 
to do, for United States citizens, is to get a Mexican 
tourist card at a Mexican consulate or Mexican 
Government Tourist Bureau. Get it in your home 
city if possible; if not, find out whether you can get 
it where you cross the border (if you drive). To ob- 
tain the card you must present proof that you are 
a United States citizen—passport, birth certificate, 
naturalization certificate, army or navy discharge, 
or voting certificate. (Citizens of other countries 
must ask at a Mexican Consulate for the regulations 
appropriate tothem.) You must also carry such proof 


with you to exhibit when you make the return cross- 
ing of the border. You must also carry with you a 
vaccination certificate attesting that you have been 
vaccinated during the last two years: you may have 
to show it at the frontier going or coming, or both. 
Ask at the Mexican Consulate for regulations per- 
taining to import and export. If you are planning 
to drive to Mexico, ask your automobile association 
for advice. 

The altitude of Mexico City is 7500 feet; the 
mountain passes giving access to it rise to 10 000 
feet. The air and temperature are delicious. Bring 
a raincoat or umbrella, for there will be rain in the 
late afternoon. If you are going elsewhere than on 
the high central plateau, be prepared for hot 
weather. 

It is well to avoid water (including ice, but ex- 
cluding perhaps some bottled waters), milk, cream, 
uncooked foods generally, and salads specifically. 
Many people consider it desirable to be inoculated 
against typhoid, but this is not a medical column, 
and no positive advice will be given. 

The wearing of shorts and slacks, elsewhere than 
at beaches and resort hotels, is contrary to good 
form in Mexico and is deprecated. 


Notes concerning the meeting. The preparation 
of a joint meeting is a complicated matter, and our 
members must not be surprised that some of the 
relevant information is not available at the time 
when this Bulletin is going to press. The essential 
thing is for our members to get to the Inaugural 
Session, in the Auditorio de Humanidades at the 
Ciudad Universitaria. Unless you go in your car 
or a friend’s car, take a taxi. We are officially 
advised that the taxi will take half-an-hour; we 
advise you to allow one hour so that you may have 
time to acquaint yourself with the campus of the 
University. We are officially informed that taxicabs 
in Mexico City are now metered (this will be a 
surprise to those who attended our 1950 meeting 
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and have not been there since), and that the journey 
from the center of town to Ciudad Universitaria is 
“on the meter’ and will cost 7.50 pesos. Unoffi- 
cially, we hear that 0.50 peso is to be added to the 
meter reading. Get into the taxi and say “Ciudad 
Universitaria, por favor.’’ The campus will be pla- 
carded with signs bearing the words “FISICA 
PHYSICS.” Say to your driver ‘‘Siga los letreros 
que dicen Ffsica.”’ As for those who go in private 
cars, we are informed that there is ample parking 
space; but (and this is good advice anywhere in 
the world) do not leave anything of value in your 
car even though it be locked. 

For return to the city we are advised that you 
should take a bus for a short distance to some place 
where you can pick up a cruising taxi. Details will 
be given at the Inaugural Session. At the Inaugural 
Session you will also hear about the place and the 
price of the dinner, and whatever changes may 
have been made in the programme. 


Invited paper on the general programme wil! be 
given by Fernando Alba Andrade, F. J. Belinfante, 
L. B. Borst, H. S. Bridge, W. W. Buechner, Nabor 
Carrillo, Carlos Graef Fernandez, W. B. Fretter, 
H. P. Hanson, E. L. Hudspeth, Charles Kittel, 
J. L. Kulp, J. D. Kurbatov, E. O. Lawrence, L. 
Marton, Alejandro Medina, Marcos Moshinsky, 
Salvador Mosqueira, E. P. Ney, G. L. Pearson, 
Ray Pepinsky, A. Pevsner, S. S. Sidhu, J. A. 
Simpson, J. C. Slater, C. F. Squire, G. H. Trilling, 
Manuel Sandoval Vallarta, J. M. Walsh, and R. R. 
Wilson. During the Inaugural Session S. A. Korff 
will give an address in Spanish, ‘El orfgen de los 
rayos césmicos.”’ 


Invited papers on the programme of our Division 
of Fluid Dynamics are distributed between two 
Symposia (and here we must thank F. N. Freakiel 
for his extraordinarily effective labors in organizing 
these). The speakers of Session H, entitled ‘Fluid- 
dynamics problems in geophysics,"’ are F. N. Fren- 
kiel, Maurice Ewing, G. W. Groves, W. M. Elsasser, 
and N,. C. Gerson. Those of Session J are Walter 
Bleakney, Harold Grad, G. . Schubauer, H. A. 
Einstein, and Donald Coles. 


One hundred and ten contributed papers are 
distributed among ten sessions. We should have 
had more but for the unlucky fact that three con- 
ferences important to physicists occur this summer 
in Europe. This remark would not be made here 
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but that at this late date we need not fear that 
anyone not already booked for Europe will change 
his mind and go there. 


The Council of the American Physical Society 
will not convene at this meeting unless some special 
reason appears, in which case its members will be 
notified by special message. 


Post-deadline ten-minute papers, pertaining to 
very recent achievements of very special import- 
ance, will be considered for admission to a special 
supplementary programme if the are 
received not later than Monday, August 22, by 
Professor Carlos Graef Fernandez, Apartado Postal 
31364, Mexico 20, D.F., Mexico. Use air mail in 
sending them! The titles of such as may be accepted 
will be announced on a blackboard near the regis- 
tration desk, and the papers will be given under the 
usual ten-minute rule at the end of Session L. 


abstracts 


Preliminary announcements of the Chicago and 
Los Angeles meetings appear on pages 4 and 5 of 
this Bulletin, and the calendar of meetings and 
deadlines for the season 1955-1956 is printed on 
page 6 with instructions for the preparation of 
abstracts. (Among these instructions, take heed of 
the new rule pertaining to the withdrawal of 
abstracts!) 


The time allowed for the oral presentation of a 
contributed paper is ten minutes at most. At the 
Mexico City meeting, an additional five minutes 
will be granted to anyone who desires to state the 
gist of his paper in Spanish if the paper was given 
in English, or in English if the paper was given 
in Spanish. 

The abstracts printed in this Bulletin will re- 
appear, exactly as they here stand, in an issue of 
The Physical Review to be published after the meet- 
ing. Errata will be printed on a following or pre- 
ceding page of the Review if received not later than 
Monday, September 19, by Miss Ruth Bryans, 
57 East 55th Street, New York 22, New York. 
Do not send in the abstract marked with correc- 
tions. Write out the corrections in the form “instead 
of ...read....’’ Add nothing. 


KaRL K. DARROw, Secretary 
American Physical Society 
Columbia University 

New York 27, New York 





Second Announcement of the 1955 Thanksgiving Meeting 


The 1955 Thanksgiving meeting of the American 
Physical Society will be held at the University of 
Chicago on Friday and Saturday, November 25 


and 26, 1955. The Hotel Windermere, 1642 East 
56th Street, Chicago 37, Illinois, will set aside rooms 
for our members and will get them rooms in other 








AMERICAN 


neighboring hotels if its supply runs short. Write 
therefore to the Windermere for your reservation, 
mentioning this Society. Deadline will be Friday, 
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September 23. Abstracts are to be sent to Karl K. 
Darrow, American Physical Society, Columbia 
University, New York 27, New York. 





Preliminary Announcement of the 1955 Winter Meeting on the West Coast 


The 1955 Winter Meeting on the West Coast will 
be held at the University of Southern California, 
in Los Angeles, in connection with the 75th anni- 
versary year of the university. The dates of the 
meeting are December 28, 29, and 30, Wednesday, 
Thursday, and Friday, respectively. The deadline 
for submitted abstracts is Friday, October 21. 
These are to be sent to the address below and are 
to be double-spaced, in duplicate, and confined to 
one page. The 200-word limitation will be in force 
as usual. 

There is no official hotel for this meeting, but 
those of our members who wish to stay in downtown 
Los Angeles will find that the Biltmore Hotel has 
set aside a certain number of rooms for the Amer- 


ical Physical Society. All other arrangements can 
be made if necessary by consulting Professor G. L. 
Weissler, the chairman of the local committee. 

Dr. L. A. DuBridge will be the principal speaker 
at the banquet on the evening of December 29. 
The banquet will be held at the Roger Young Audi- 
torium, and reservations may be made by address- 
ing the local chairman, or at the Registration Desk, 
which will be in Founder's Hall (where all the 
lecture rooms are), 


W. A. NIERENBERG, Local Secretary 
for the Pacific Coast 

University of California 

Berkeley, California 








(Please keep this page on file !) 


MEETINGS AND DEADLINES FOR THE SEASON 1955-1956 


Place Meeting dates 
Mexico City August 29-31 
Chicago November 25-26 
Los Angeles* December 28~—30 
New York January 31—February 4 
Houston February 24-25 
Pittsburgh March 15-17 
Washington April 26-28 
New Haven June 21-23 
Eugene* June 21-23 


* Abstracts for the Los Angeles and Eugene 
meetings are to be sent to W. A. NIERENBERG, 
University of California, Berkeley 4, California, 
and must reach his office not later than the corre- 
sponding deadline date. 

Abstracts for the other meetings listed above are 
to be sent to Kart K. DARrow, American Physical 


Deadline date 


June 17 
September 23 
October 21 
November 18 
December 30 
January 13 
February 17 
April 27 


not decided 


Society, Columbia University, New York 27, New 
York, and must reach his office not later than the 
corresponding deadline date. To avoid chance of 
confusion, please do not send an abstract for any 
meeting until the deadline date of the previous 
meeting is at least five days past. 





RULES PRESCRIBED FOR ABSTRACTS 


The Council has ordered that abstracts shall be 
not longer than two hundred (200) words or the 
equivalent thereof. In reckoning equivalence, a 
footnote is equated to ten words; each line in a 
table to ten words; a “‘display’’ formula—one that 
requires a line to itself—is an expensive luxury 
equated to forty words. 

Two copies of each abstract must be sent to the 
appropriate office. They must be typewritten and 
double-spaced ; one must be an original, the other 
may be an original or a carbon copy. Each abstract 
must be confined to a single page: if it is too long 
for a single page it is too long to be printed. Write 
each abstract as a single paragraph: the suppression 
of paragraphs costs time and labor to the editors. 
Do not use very thin paper; a sheet of very thin 


paper may cause extraordinary trouble when mixed 
with sheets of reasonable thickness. Look at the 
abstracts in this Bulletin to see how the title of the 
paper and the name of the author are to be ar- 
ranged, and follow the example. Issues of the 
Bulletin are sometimes appreciably delayed because 
the editors have to do what the authors should 
have done. 

Remember the rule of the Council that, if an 
author submits more than one abstract, all but one 
must go onto the Supplementary Programme. In 
enforcing this rule, an abstract is credited to the 
author whose name appears first in the by-line. 
By action of our Council, abstracts will not hence- 
forth be withdrawn from our proofs unless the 
asker sends ten dollars with his request. 








EPITOME OF THE 1955 MEXICO MEETING 


(Personal names are those of invited speakers.) 


Monbay MORNING 


Inaugural Session; addresses of welcome and response; Korff. Humanidades. 


MonbDAY AFTERNOON 


Mosqueira, Alba Andrade, Buechner, Hudspeth, Walsh. Humanidades. 
Kurbatov; radioactive nuclei. Ciencias. 
Theoretical physics, I. Comercio. 


Division of Fluid Dynamics: fluid-dynamics problems in geophysics: Frenkiel, Ewing, Groves, Elsasser, Gerson. Inge- 
nierfa. 


TUESDAY MORNING 


Division of Fluid Dynamics: Bleakney, Grad, Schubauer, Einstein, Coles. Ingenieria. 
Kittel, Pearson, Marton, Slater, Hanson. Humanidades. 
Cosmic rays; “elementary”’ particles. Post-deadline papers, if any. Ciencias. 


Reactions of transmutation; scattering. Comercio. 


TUESDAY AFTERNOON 


Carrillo, Lawrence, Wilson, Kulp. Humanidades. 
Optical physics; electron physics. Ciencias. 


General physics. Comercio. 


WEDNESDAY MORNING 


Bridge, Pevsner, Trilling, Fretter. Humanidades. 
Medina, Moshinsky, Fernandez, Belinfante. Ciencias. 
Fluid dynamics and allied topics. Comercio. 


Solid-state physics. Ingenierfa. 


WEDNESDAY AFTERNOON 


Vallarta, Ney, Simpson, Borst. Humanidades. 
Pepinsky, Sidhu, Squire. Ingenieria. 
General nuclear physics. Ciencias. 


Theoretical physics, II. Comercio. 


WEDNESDAY EVENING 
Banquet of the Sociedad Mexicana de Fisica and the American Physical Society. 
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PROGRAMME 


Monpnay “forNING AT 10:30 


Auditorio de Humanidades 


(R. T. BirGe anp CARLOS GRAEF FERNANDEZ presiding) 


Inaugural Session 


Addresses of Welcome and Response 


Al. El Origen de los Rayos Cosmicos. S. A. Korrr, New York University. (50 min.) 





MONDAY AFTERNOON AT 15:00 
Auditorio de Humanidades 
(CaRLos GRAEF FERNANDEZ presiding) 


Invited Papers 


El. The Teaching of Physics in Mexico. SaLvapor Mosoueira R., Centro de Documentacion 


Cientifica y Tecnica, S. E. P, Unesco. (30 min.) 


E2. Experimental Nuclear Physics in the University of Mexico. FerNanpo ALBA ANDRADE, 


Universidad de Mexico. (30 min.) 


E3. Nuclear Energy Levels Observed from Inelastic Proton Scattering Experiments. \V. W. 


Buecuner, M.J.7. (30 min.) 


E4. Neutron Experiments with a Van de Graaff Generator. E. L. 


(20 min.) 


Hupspetu, University of Texas 


E5. Dynamic Compressions for Some Twenty-Five Solids and Liquids at Explosively Attainable 
Pressures. J. M. Watsu, Los Alamos Scientific Laboratory. (30 min.) 





MONDAY AFTERNOON AT 


15:00 


Auditorio de Ciencias 


(R. F. Bacuer presiding) 


Invited Paper 


Fl. Relative Stability of Even Mass-Number Isobars. |. D. 


(20 min.) 


KuRBATOV, Ohio State University. 


Radioactive Nuclei 


F2. Decay of Ne**.t J. R. PenninG anv F. H. Scumipr, 
University of Washington.—We have studied the beta- and 
gamma-ray spectra of 40-sec' Ne® with stilbene and Nal 
scintillation spectrometers using a fast-slow coincidence ar- 
rangement and a 20-channel analyzer. The active neon was 
produced by the Na™(d,2p) reaction on a NaCl target in the 
University of Washington 60-inch cyclotron. The gas was 
swept through a liquid nitrogen charcoal trap to a remote 
source chamber by means of a continuous flow system. Two 
gamma rays with energies of 436 kev and 1647 kev and 
relative intensities of 1.0 and 0.04, respectively, are in coin- 
cidence. These transitions can be identified with known energy 
levels in Na™. Several higher-energy gamma rays may be 
present with a total intensity less than 0.4% of the 436-kev 
gamma. Approximately 70% of the beta transitions (end 
point =4.40+0.05 Mev) lead to the ground state, Another 
29% (end point =3.95+0.05 Mev) are in coincidence with 
the 436-kev gamma. Lower-energy beta rays (end point~2.4 


Mev) are in coincidence with the 1647-kev gamma. Work on 
this isotope is still in progress. 


t Work supported in part by the U. S. Atomic Energy Commission. 
1H. Brown and V. Perez-Mendez, Phys. Rev. 78, 812 (1950) 


F3. Decay of Neon*™.¢ B. J. Dropesky AND A. W. ScuHarpt, 
Los Alamos Scientific Laboratory.—The new nuclide Ne* has 
been produced by bombarding neon gas with 1.83-Mev tri- 
tons, the reaction being Ne*™(t,p)Ne™. The 8- and y-scintilla- 
tion spectrometers with coincidence circuits were used to 
study this activity. The Ne half-life is 3.4+0.1 min. The 
daughter activity, Na“, was identified. The y rays of 47145 
and 875+10 kev were observed (relative intensity 10:1). The 
former corresponds to the first excited state (47248 kev)! of 
Na™; their sum corresponds to the third excited state (1341 
+8 kev).' Fermi analysis of the 8 spectrum resolved a strong 
group of 1.95 Mev and a very weak group of ~4.3 Mev. The 
875-kev y ray was observed to be coincident with 8 radiation 
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but the 471-kev y ray was found coincident with neither 8 
nor y radiation. These data can be interpreted as follows: 
about 90% of the Ne*™ disintegrations proceed by the 1.95- 
Mev 8 transition to the 471-kev level in Na*. The remaining 
10% reach this level via the 875-kev transition. The absence 
of coincidences with the 471-kev y ray indicates that this 
level is isomeric. The high-energy 8 group is probably a 8 
transition from the 471-kev level to the 1.38-Mev level of 
Mg* (energy difference 4.61 Mev). 

t This work performed under the auspices of the U. S. Atomic Energy 


Commission. 
1A, Sperduto and W. W. Buechner, Phys. Rev. 88, 574 (1952). 


F4. Gamma Energies in Tc*’ following K Capture in Ru’’. 
J. M. Cork, M. K. Brice, L. C. Scumip, anp R. G. HELMER, 
University of Michigan.—Ruthenium enriched in mass 96 
from its normal 5.7% up to 95.5% was placed in the maximum 
flux of the Argonne pile for both short and long irradiations. 
Studies were made with both magnetic photographic and 
scintillation spectrometers. Strong conversion electron lines 
were observed from which several gamma rays not previously 
reported were evaluated. Gamma rays with energies of 109.1, 
216.1, 325.1, and 570 kev decay with the half-life of Ru” 
which appears to be 2.44 days. Other highly converted gamma 
rays with energies of 90.2 and 99.2 kev decay with a longer 
life, presumably associated with Tc*™. The multipolarities of 
most transitions are determined and a reasonable nuclear 
level scheme proposed. 


FS. Investigation of I'*. N. Benczer, B. FARRELLY, L. 
Koerts, AND C. S. Wu, Columbia University.—The 8 and y 
radiations of I'** have been investigated and its decay scheme 
proposed. Three 8 groups were found with energies 2.120, 
1.665, and 1.140 Mev and relative abundance 82.2%, 15.8%, 
and 2.03%, respectively. The y radiation was investigated 
with a single channel and a selective coincidence scintillation 
spectrometer. Four y radiations were found with energies 
0.455, 0.540, 0.750, and 0.980 Mev and relative intensities 
100:9.7:1.7:1.8, respectively. The 0.455-Mev and 0.540-Mev 
¥ rays are in coincidence and in the 8 branch. The 0.980-Mey 
line is the crossover radiation. The 0.750-Mevy line is in coin- 
cidence with the Te X-rays, hence in the electron capture 
branch of the decay. The relative intensities of these y radia- 
tions obtained from coincidence measurements agree with 
those obtained from the single spectrum analysis. It was also 
determined that the branch of (K+L)-capture is only 6.4% 
of the total decay. Furthermore the ratio of K-capture to the 
first excited state to that to the ground state of Te is about 
1:20. From the calculated ft values one can assign spin and 
parity 1* to the ground state of I'**. These results are in very 
good agreement with the predictions based on the regularity 
of nuclear energy levels of even-even nuclei in the region 
66 <A <150.! 


!G. 8. Goldhaber and J. Weneser, Phys. Rev. 98, 1186 (1955). 


F6. Radioactive Decay of W'' and W"**. W. E. KreGer, 
L. D. McIsaac, J. L. Mackin, anp J. R. Lat, U. S. Naval 
Radiological Defense Laboratory.—The decay of W'* and W!** 
has been studied using beta- and gamma-ray scintillation 
spectrometers and ion chamber detectors. A W source from 
Oak Ridge was used in which both activities were present. 
The beta decay of W'** was followed and found to have a 
half-life of 74.5 days in agreement with values mentioned in 
the literature. Gamma rays of low intensity have been found 
at energies of 570 kev and 77 kev using a large crystal Nal 
spectrometer. The half-life for decay of these gammas appear 
to agree with the half-life for the beta dacay. There is a 
strong x-ray of 59.5 kev which has a half-life of around 110 
days. This x-ray most probably follows the K-capture decay 


of W'* to Ta'*. A decay scheme will be proposed for these 
isotopes. 


F7. Decay of Pt'".+ E. P. TomLInson AND R. A. NAUMANN, 
Princeton Unwersity.—F urther spectrometer data are reported 
from Pt fractions separated from Ir after bombardment by 
deuterons in the Brookhaven cyclotron. These confirm the 
y rays reported earlier' of 42, 82, 97, 129, 172, 179, 221, 268, 
352, 361, 410, 458, 540, and 626 kev, and support the Pt 
decay scheme proposed earlier by us and independently, but 
in large part identically, by Cork et al.* The 42-kev transition 
is clearly present, with the 2.7-day Pt half-life, in Pt sepa- 
rated from deuteron bombarded Ir. Also fitting the proposed 
decay scheme we now find evidence for y rays of 47, 188, 447, 
496, and 543 kev. In addition, we find conversion lines assign- 
able to y rays of 219, 223, 267, 271, 571, 585, and 590 kev 
which do not fit the proposed decay scheme, but which all 
follow the characteristic half-life of Pt. Work is continuing 
in an attempt to find the positions for these latter transitions. 
Some graphic examples of effects of source and backing thick- 
ness will be presented. 

t This work was supported by the U. S. Atomic Energy Commission and 
the Higgins Scientific Trust Fund. 


N and Mihelich, Phys. Rev. 94, 794 (1954). 
* Cork, Brice, Schmid, Hickman, and Nine, Phys. Rev. 04, 1218 (1954), 





F8, Gamma-Gamma Directional Correlations in Cs'*.t 
A, E, Everett anp M, J. GLAUBMAN, Princeton University.— 
We have found the directional correlations of the 1.37-0.605, 
1.17-0.801, and 0.796-0.605-Mev cascades in the decay of 
Cs™ to be given by: A,=0.107, 0.095, and 0.111, 40.015, 
A,=0.015, 0.006, and 0.016, +0.02, respectively. All of these 
values are consistent with 4-2-0 cascades, and agree with the 
decay scheme suggested by Cork et al.' In this case the five 
observed gamma rays are £2, the excited states of Ba™ are 
at 0.605 (2+), 1.17 (24), 1.40 (4+4-), and 1.97 (44) Mev, 
and the 0.563-Mev E2 transition’ is between the second and 
first excited states and is speeded up by a factor of 15 com- 
pared to the crossover, All this is very typical to even-even 
nuclei in this region, However, the decay scheme of the 
Washington group* cannot be completely excluded, since a 
4-2-0 directional correlation can also be interpreted as due to 
a 3-2-0, 3-1-0, or 2-2-0 cascade in which the first transition 
is mixed, 

t This work was supported by the U. S. Atomic Energy Commission and 
the Higgins Scientific Trust Fund, 


' Cork, Le Blanc, Nester, Martin, and Price, Phys. Rev, 90, 444 (1953). 
* Keister, Lee, and Schmidt, Phys. Rev. 97, 451 (1955). 


F9. Directional Correlation of the Cd''' Gamma-Gamma 
Correlation with Gaseous In'"' Sources.* L. M. Nos_e anp 
R. M. Srerren, Purdue University.—Using differential pulse- 
height selection to eliminate scattering effects, the Cd™ 
gamma-gamma directional correlation as displayed by gaseous 
sources of InCly and Inls; has been measured. Gaseous InCl, 
exhibits a directional correlation, W(@) =1—(0.1054-0.005) 
X P,(cos0), whose anisotropy is between the one of the correla- 
tion displayed by dilute aqueous solutions of InCl,, W(@)=1 
— (0.172 +0.003) P2(cos0), and the one displayed by polyerys- 
talline InClh, W(0)=1— (0.033 40.003) P,(cosd). Gaseous 
InI, shows a considerably smaller anisotropy of the directional 
correlation than gaseous InCl,. Measurements at different 
pressure and temperature values indicate that in both cases 
the correlation is independent of the collision rate of the 
molecules in the gas within the range of about 100 to 1000 
collisions per lifetime of the intermediate nuclear state. 
Preliminary results of delayed correlation measurements in- 
dicate a time-dependent interaction mechanism in the gaseous 
sources. 


* Supported by the U. 8S. Atomic Energy Commission, 
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MONDAY AFTERNOON AT 15:00 


Auditorio de Comercio 


(Marcos MosuHinsky presiding) 


Theoretical Physics, I 


Gl. Nucleon Distribution in Ca”. J. CatLaway AnD R. D. 
Woops, University of Miami.—The independent particle 
model has been applied to a calculation of the distribution of 
nucleons in Ca®, A square-well potential was chosen of 40- 
Mev depth and radius 1.4X10~"A! cm, which yields approx- 
imately correct binding energy for the last neutron. Spin orbit 
coupling was included by a term proportional to the radial 
derivative of the potential. This gives a delta function which 
produces a discontinuity in the radial derivative of the wave 
functions at the boundary. The inclusion of this term pro- 
duces significant though small changes in the calculated 
nucleon distribution. Coulomb effects have been studied by 
perturbation theory. For this nucleus (and generally for N =Z 
nuclei), the percentage of protons outside the well is greater 
than the percentage of neutrons. From this nucleon distribu- 
tion a new potential well is constructed. This can be used to 
calculate a more self-consistent distribution, 


G2. Model for the Potential between Nucleon and Nucleus. 
Cc. L. Critcurie.p anp Ropert Lowen, University of 
Minnesota.*—Interaction between a neutron and a nuclear 
core (mass A) is assumed to vanish at mutual separation >R 
and to vary as — V,+a,r* when r<R. Given R, values of 
V, and a, are found such as: (1) give the observed separation 
energy and (2) permit continuation of ordinary oscillator 
wave functions inside onto Hankel functions outside r= R. 
For a proton interacting with the core, the same radius R is 
assumed but different constants V, and ay are found to get 
the proper separation energy and so as to continue oscillator 
functions onto Coulomb wave functions outside. To estimate 
R the model was applied to the “mirror’’ nuclei where the 
difference in harmonic potentials is mainly that of a uni- 
formly charged sphere acting only on the proton. The results 
fit well with the accepted radii but the average potentials 
vary markedly, Magic (core) numbers 16 and 40 show very 
deep potentials, but there is a steady weakening between 16 
and 28. The purpose of the model is to facilitate isolation of 
the spin-orbit, symmetry, and other effects through the use 
of well-known wave functions. 


* Present address: CONVAIR, San Diego, California. 


G3. Poles of the S-Matrix for the Cloudy Crystal Ball 
Model. Juan Manuet Lozano, Instituto de Fisica, México.— 
Feshbach, Porter, and Weisskopf' have proposed a model for 
nuclear reactions with neutrons, in which the interaction is 
given by a complex potential V= —Vo(Hig). Using this 
potential, we obtained the R- and S-functions associated with 
this model, and we have discussed the analytic properties of 
these functions. Because of the imaginary part in the potential, 
the R-function has the analytic properties discussed by 
Wigner* only in certain regions of the energy complex plane. 
Therefore, the allowed regions for poles of the S-function are 
modified, but in such a way that a dynamical description’ of 
the scattering is still possible. 

' Feshbach, Porter, and Weisskopf + Reyes Rev. 96, 448 (1954). 


2, P, Wigner, Ann. Math, 53, 36 
4 J, M. Lozano, Rev, fis, Méx, 2, 155 (1953). 


G4. Electric Quadrupole Moment and Corrections to the 
Magnetic Moment of the Deuteron for Velocity Dependent 
Tensor Forces. L. Esrrapa, Instituto de Fisica, México.— 
Recently, Moshinsky' has introduced in the equations of 


motion for two nucleons, velocity dependent central and 
tensor forces, and for certain cases these equations are solu- 
ble in terms of known functions. Following this formalism, 
the electric quadrupole moment and the correction to the 
magnetic moment of the deuteron are calculated in an explicit 
fashion due to the simple form of the wave function. In 
particular, the effect of changes in the velocity dependent 
tensor force on these moments are analyzed. With the results 
obtained here, and those for neutron-proton scattering men- 
tioned in the following abstracts, we expect to determine the 
values of the parameters that appear in the velocity depen- 
dent central and tensor forces. 


1M. Moshinsky, J. phys. et radium 15, 264 (1954). 

G5. Scattering Length and Effective Range for Velocity 
Dependent Tensor Forces. A. MONDRAGON, Instituto de 
Fisica, México.—The interactions between two nucleons for 
position dependent central and tensor forces have been dis- 
cussed by Chew and Goldberg! and by Christian.? In the 
present paper, we apply their formalism to the case when the 
interaction between the two nucleons is given by the velocity 
dependent central and tensor forces, recently proposed by 
Moshinsky.* We obtain a development of k& coté in a power 
series of the energy, whose coefficients depend only on the 
wave functions at zero energy. In particular, we obtain the 
scattering length and effective range, in terms of the param- 
eters that appear in the velocity dependent potentials. 

1G. F. Chew and L. Goldberg, Phys. Rev. 75, 1637 (1949) 


*R. S. Christian, Phys. Rev. 75, 1675 (1949). 
1M. Moshinsky, J. phys. et radium 15, 264 (1954). 


G6. Scattering by a Velocity-Dependent Potential. IGNacio 
RENERO, Instituto de Fisica, México.—In a recent paper, 
Moshinsky'! has considered the problem of the velocity- 
dependent tensor force, obtaining the form of the potential 
as well as the solutions to the wave equations and the bound- 
ary conditions on the spherical surface defined by the range 
of the tensor force. Taking into account these results, the 
scattering of a nucleon by a velocity dependent tensor force 
is analyzed in the present paper, following the general outline 
of Wigner and Eisenbud.? Since the wave function, but not 
its derivative, is continuous over the spherical surface, it 
proves to be advantageous to define an R-matrix for the 
interior region which, in turn, makes it possible to obtain the 
usual R-matrix, taking into account the boundary conditions. 
Making use of the well-known relations between the R- and 
S-matrices, the S-matrix is calculated. In addition, some of 
the analytic properties of these matrices are studied. Finally, 
the R-matrix is expanded in terms of the energy in order to 
identify the coefficients of the expansion with those effective 
range and scattering length obtained by Mondrag6n in the 
preceding abstract. 


1954) 
(1947) 


1M. Moshinsky, J. phys. et radium, 15, 264 
2 E, Wigner and L. Eisenbud, Phys. Rev. 72, 29 


G7. Polarization in the Theory of the Giant Resonances 
of Neutron Scattering. A. M. LANg anv L. Ver_et, M.I.T.— 
If the neutron-nucleus interaction is represented as an aver- 
age potential well, the neutrons cannot lose energy so there 
is no absorption. The total wave function is simply a product 
of the target and single-particle wave functions. The effect of 
the neglected interactions is to cause the absorption of this 
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initial state into the compound nucleus states. A measure of 
this process, related to the absorption potential, can be de- 
fined as the root of the expectation value of the square of the 
neglected interactions taken in the initial state. This turns 
out to be ~20 Mev and energy independent.' Professor 
Wigner suggested that this large value results from not in- 
cluding polarization effects in the initial state. We have tried 
to express such effects by multiplying the previous initial 
state with a two-body correlation function which should 
represent those previously neglected interactions that, in the 
language of Brueckner, give rise to coherent scattering pro- 
cesses. The foregoing value has been reduced by this device 
to 12 Mev (10 Mev with exchange). 


‘Lane, Thomas, and Wigner, Phys. Rev, 98, 693 (1955). 


G8. Nucleon-Nucleus Interaction with Polarization. Ericu 
Voct, Princeton University.—The giant resonances of the 
average total neutron cross sections have been interpreted by 
Lane, Thomas, and Wigner' in terms of maxima in the 
nucleon-nucleus interaction. In their model, the second mo- 
ment of the reduced width distribution, about these maxima, 
is given by the expectation value, for the ground state, of 
the square of the nucleon-nucleus potential V, which mixes 
the single-particle states into the other states of the shell 
model. The square root of this second moment may be roughly 
equal to the half-width of the reduced width distribution. If 
so, the value of (20 Mev)? obtained for the second moment 
by Lane, Thomas, and Wigner is much too large. As sug- 
gested by Professor Wigner, the calculation of the second 
moment was modified by introducing a part of V into the 
definition of the target nucleus wave functions. This intro- 
duces nucleon-target correlations into these wave functions. 
The value of the second moment is reduced to (12 Mev)?. 
This result agrees with that of Lane and Verlet* who used a 
somewhat different approach to the same problem, 


'Lane, Thomas, and Wigner, Phys. Rev. 98, 693 (1955), 
2A. M. Lane and L. Verlet (preceding abstract). 


G9. Low-Energy Neutron Scattering and the Bound State 
Problem.* R. D. Lawson, University of California, Berkeley. 


The hyperbolic potential, V(r) = — Vo/cosh*ar, has been used 
to examine the position of the zero-energy S-wave resonances 
as a function of A. For Vo=125 Mev, ao=aA!=1.71 10-" 
cm™', the zero-energy S-wave resonances occur at A~15, 58, 
148, in good agreement with experiment. Furthermore, the 
2S-state at A =32 is bound by 6.4 Mev and the 3.S-state at 
A =140 is bound by 8 Mev. The rms radius from this poten- 
tial is ~0.78X10™" cm, which is about 15% smaller than 
indicated by the electron scattering measurements. However, 
this potential drops off too rapidly and will not bind the high 
angular-momentum states in heavy nuclei. We have also 
examined potentials of the form V(r) = — Vol1—(1—e7*")*] 
where n is integer > 2. For n=4, Vo=116 Mev, and ao=3.34 
x10" cm™', we can fit the S-wave resonances and S-state 
binding energies; however, again the higher angular-momen- 
tum states are not bound. We estimate that in order to bind 
the high angular-momentum states with such a potential, the 
exponent m must be ~10, indicating an extremely flat nuclear 
potential. 
* Supported by the Office of Ordnance Research, U. S. Army. 


G10. (Abstract withdrawn.) 


MONDAY AFTERNOON AT 15:00 


Auditorio de Ingenierfa 


(NABOR CARRILLO presiding) 


Symposium of the Division of Fluid Dynamics 


Fluid-Dynamics Problems in Geophysics 


H1. Fluid Dynamics Problems in Geophysical Sciences (Los Problemas de la Dinamica Flufda en 
las Ciencias Geofisicas). Francois N. Frenkiet, Applied Physics Laboratory, Johns Hopkins Uni- 


versity. (30 min.) 


H2. Earthquake Surface Waves in the Period Range 1-500 Seconds. Maurice Ewine, Columbia 


Unwersity. (30 min.) 


H3. The Dynamics of Equatorial Waves in the Ocean (La Din4mica de las Ondas Ecuatorialas en 
el Océano). Gorpon W. Groves, Scripps Institution of Oceanography. (30 min.) 

H4. Progress in Hydromagnetism. W. M. Evsasser, University of Utah, (30 min.) 

HS. Fluid Motions in the Terrestrial Atmosphere. N. C. Gerson, Geophysics Research Directorate. 


(30 min.) 
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TUESDAY MorNING At 9:00 


Auditorio de Ingenieria 


(F. E. Gopparp, JR. presiding) 


Symposium of the Division of Fluid Dynamics 


Ji. Transient Surface Temperatures in the Shock Tube. WaLkrer BLEAKNEy, Princeton University 
(30 min.) 

J2. Stochastic Aspects of Classical Dynamics. Haroip Grav, New York University. (30 min.) 

J3. New Light on the Boundary Layer Transition Problem. G. B. Scuusaver, National Bureau of 
Standards. (30 min.) 

J4. A Dynamic Model for the Viscous Sublayer of a Turbulent Flow along a Smooth Boundary. 
H. A. Ernstein, University of California, Berkeley. (30 min.) 

JS. Similarity Laws for the Nonequilibrium Turbulent Boundary Layer. DonaLp Covers, California 
Institute of Technology. (30 min.) 





TUESDAY MORNING AT 9:30 
Auditorio de Humanidades 


(R. PEepmInsky presiding) 


Invited Papers in Solid-State Physics 


K1. Cyclotron Resonance in Semiconductor Crystals. Cuaries Kirret, University of California, 





Berkeley. (30 min.) 


K2. The Silicon Solar Battery. G. L. Pearson, Bell Telephone Laboratories. (30 min.) 
K3. Perdida de energia por electrones en cuerpos solidos. L. Marton, National Bureau of Stand- 


ards, (30 min.) 


K4. Recent Progress in Energy-Band Theory. J. C. SLater, M.I.T. (30 min.) 
KS. X-Ray Absorption Edges and Chemical Binding. H. P. HANson, University of Texas. (30 min.) 





TUESDAY MORNING AT 9:30 


Auditorio de Ciencias 


(H. S. BrinGe presiding) 


Cosmic Rays; “Elementary” Particles 


LI. Interplanetary Magnetic Fields and Cosmic Rays. 
Leverett Davis, Jr., California Institute of Technology.—The 
often postulated magnetic field of 10~* gauss along a spiral arm 
of the galaxy seems not to penetrate the solar system, since 
low-energy cosmic rays occasionally reach the earth from the 
sun. A field free cavity extending to roughly 10? to 10° times 
the radius of the earth's orbit would be expected by magneto- 
hydrodynamics if the sun emits corpuscular radiation at the 
rate given by Biermann.' Such a cavity would trap cosmic rays 
with energy less than 10" ev for many sunspot cycles. Expected 
variations over a cycle in cavity radius could explain the 4% 
variation in cosmic-ray intensity found by Forbush.? A solar 
origin of all cosmic rays seems inconsistent with the energy 
spectrum and the presence of very high-energy particles. With 
a galactic origin the cavity would explain the absence of 
primary electrons and perhaps part but not all of the cutoff 
at low energies. A solar magnetic field introduces some compli- 
cations but seems likely to be confined to polar regions by the 
corpuscular radiation. 


1 Z., Astrophys. 29, 274 (1951). 
1 J. Geophys. Research 59, 525 (1954). 


L2. On the Absence of Meteorological Effects on the World- 
Wide Sunspot Variation in Cosmic-Ray Ionization. Scott 
E. Forsusn, Carnegie Institution of Washington.—The 
world-wide sunspot variation in annual means of cosmic-ray 
ionization has been reported,' and it was shown that this 
variation did not arise from transient decreases in cosmic-ray 
intensity which sometimes accompany magnetic storms. The 
question arises whether variations with solar cycle in the height 
of the 100-millibar pressure level could explain, through p- 
meson decay effects, the sunspot variation in cosmic-ray 
ionization. The average seasonal wave in cosmic-ray intensity 
at Cheltenham has an amplitude of 1.45% and is opposite in 
phase to the average seasonal wave, amplitude 260 m, in the 
height of the 100-millibar pressure level derived from U. S 
Weather Bureau radiosonde data for the period 1944-53. The 
ratio of these amplitudes gives 5.6% decrease in cosmic-ray 
intensity per kilometer increase in height of the 100-millibar 
level. The range in annual mean heights of the 100-millibar 
level (1944-53) was only 75 m and these exhibited no variation 
with solar cycle. Thus the sunspot variation in cosmic-ray 
intensity does not arise from this cause. 


1S. E, Forbush, Phys. Rev. 98, 1163 (1953). 
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L3. High-Altitude Cosmic-Ray Neutron Intensity Varia- 
tions.* R. K. SopeRMAN AND S. A. Korerr, New York Univer- 
sity.—Three groups of balloon flights carrying boron triflouride 
counters were made from geomagnetic latitudes 10.1°N, 
55.1°N, and 88.6°N.' From the data obtained, curves of 
neutron intensity versus atmospheric depth for depths less 
than 700 mb are plotted. The mean absorption lengths for 
neutrons in the equilibrium portion of the atmosphere were 
found to be L(10.1°) =212 g/cm*, L(55.1°) = 164 g/cm’, and 
L(88.6°) =164 g/cm*. The depths of the neutron intensity 
maxima were found to be @max(10.1°) = 12045 mb, @max(55.1°) 
=100+5 mb, and @n9x(88.6°) =7545 mb. From these results 
and those of other investigators, a family of curves of neutron 
intensity versus atmospheric depth is drawn for geomagnetic 
latitudes at 10-degree intervals between 0° and 90°N, From 
this the low-energy neutron capture per square centimeter per 
second by the N'*(n,p) reaction in the atmosphere is calculated 
and plotted as a function of geomagnetic latitude. It is found 
that the observed neutron intensity varies by about 420% 
from 0° to 90°N. A value of 5.8 X10"* sec™ is obtained for the 
total number of low-energy neutrons captured in the atmos- 
phere. 

* Supported by a joint program of the U.S. Atomic Energy Commission 


and the Office of Naval Research. 
' Neuburg, Soberman, Swetnick, and Korff, Phys. Rev. 97, 1276 (1955), 


L4, Charge with Time of the Low-Energy Part of the 
Cosmic-Ray Spectrum.* H. V. Newer, California Institute of 
Technology.—By comparing results of balloon flights carrying 
ionization chambers to high altitudes at different phases of the 
solar cycle, it is possible to arrive at an estimate of the energy 
distribution of that part of the primary cosmic-ray spectrum 
that varies. It is concluded that all of the major types of 
cosmic-ray changes are similar and are probably caused by 
the same mechanism. The action of this mechanism is such 
that low-energy particles are primarily affected. The evidence 
is that during the summer of 1954, when the sun was very 
inactive, this modulating mechanism was so ineffective that 
not only were very low-energy cosmic-ray particles allowed to 
come into the earth but that the fluctuations near the geo- 
magnetic pole were also very low. Both of these experimental 
facts are consistent with Forbush's finding of a 180° phase 
shift between solar activity and cosmic-ray intensity. 

* Assisted by the joint program of the Office of Naval Research and the 
U. 8. Atomic Energy Commission. 


LS. Observations on Pion Tracks in a Liquid Hydrogen 
Bubble Chamber.* D. E. NaGLte anp R,. H, HILDEBRAND, 
University of Chicago.—A liquid hydrogen bubble chamber has 
been successfully operated in an external pion beam of the 
Chicago cyclotron. Photographs of good quality showing 
tracks due to 100-Mev negative pions will be presented. The 
use of this equipment to study pion-nucleon interactions will 
be discussed. 

* Research supported by a joint program of the Office of Naval Research 
and the U. S. Atomic Energy Commission. 


L6. Nonmesonic Decay of a Helium Hyperfragment. B. 
STILLER, N. SEEMAN, AND M. M. Suaptro, Naval Research 
Laboratory.—In a G.5 emulsion stack exposed to the cosmic 
rays in an equatorial balloon flight, we have observed an event 
which is most simply interpreted as the disintegration of a 
‘He* hyperfragment according to the scheme ‘He*-+p +d +n 
+0, where Q=167.742.9 Mev. From the Q-value and the 
relevant masses, the binding energy of the A® in the fragment 
is 1.74+2.9 Mev, in agreement with values previously obtained 
from mesonic disintegrations of *He*. This low binding energy 
may be compared to the much larger value, 20.6 Mev, with 
which the “last neutron” is bound in normal He*. The energy 
of the proton was 114.7-+2.7 Mev, that of the deuteron, 
36.3+0.2 Mev, and that of the neutron (from conservation of 


momentum) 16.7+0.8 Mev. The fragment, emerging from a 
star of type 11+7, (in the Bristol notation), traveled 633 
before coming to rest. All the measurements, including those 
on the fragment track, are consistent with the foregoing decay 
scheme. Other interpretations are considered and are shown to 
be very unlikely. 


L7. Interactions of Negative K-Particles at Rest.* WARREN 
W. Cuurr, Gerson GOLDHABER, SULAMITH GOLDHABER, AND 
Francis H. Wess, University of California, Berkeley.—The 
6.1-Bev proton beam of the Berkeley bevatron incident on a 
0.9-in.-thick copper target produces a K-particle beam which 
enters a magnetic strong-focusing and analyzing system placed 
at 90° to the proton mean.' Stacks of Ilford G.5, 600 « stripped 
pellicles have been exposed to the K~-particles of momenta 
350 Mev/c and 410 Mev/c. The proper time of flight is ap- 
proximately 10~* sec for these particles. The A~-endings in 
the emulsion were found by the method of following along the 
track from the incident edge all particles of 2X minimum 
ionization. Twenty-two cases of K~-stoppings have been re- 
corded to date. They may be described as follows: (1) six 
capture stars which definitely emit * mesons and three possible 
additional cases; (2) one definite case of X* emission as- 
sociated with w emission; (3) one possible Z* with no « 
associated ; (4) two possible cases of L~ emission (one of these 
is associated with w emission) ; (5) one Kp; (6) ten cases where 
no r or & is observed. All these events will be discussed in 
further detail. 

*This work was performed under the auspices of the U.S. Atomic Energy 
Commission 


‘Kerth, Stork, Birge, Haddock, and Whitehead, Bull. Am 
30, No, 3, 41(A) (1955). 


Phys. Soc. 


L8. Decay of an Anomalous Charged K-Meson.* E. M. 
Hartut AND M. M. Briock,} Duke University.—The decay 
of a positively charged particle was observed in the gas of a 
20-atmosphere hydrogen-filled diffusion cloud chamber oper- 
ated in an external 2.7-Bey proton beam of the Cosmotron.' 
The particle came from the wall, traveled 15 cm, and decayed 
through an angle of 111.5+1.0°. Both primary and secondary 
were estimated to have specific ionization J =2+4. A unique 
feature of this event is that, both from visual estimates and 
microphotometer measurements, both fragments appeared to 
have equal ionizations (independent of absolute values). The 
primary and secondary momenta were 500425 and 8745 
Mev/c. The secondary is identifiable as an L-meson, while 
from absolute ionization and momentum the primary has an 
estimated mass between 1150 and 1650 m,. Taking the ioni- 
zations of primary and secondary as equal, from momentum 
ratios we deduce primary masses of 1575495 and 1210475 
m,, if the secondary is a pion or muon, respectively. Assuming 
the two-body decay scheme K*t--® + *, the computed K- 
meson mass is 1462415 m,. 

* Work supported by a joint contract with the U. S. Atomic Energy 
Commission and the Office of Naval Research. 

t On leave of absence from Naval Research Laboratory. 
> Some of this work performed while stationed at the Naval Research 


! We would like to thank Dr. R. P. Shutt and his group at Brookhaven 
National Laboratory for kindly making available these exposures. 


L9. Evidence for the Decay of Neutral V-Particles.* 
M. M. Brock, E. M. Harru,t ann M. E. Bievins, Duke 
University.—Two V's, each having one of its decay products 
identifiable as an electron, were observed to decay in the gas 
of a 20-atmosphere hydrogen-filled diffusion cloud chamber 
exposed to an external 1.9-Bey #~ beam of the Cosmotron.' 
In event 1, the two minimum ionizing tracks have an included 
angle of 43.541°; the positive and negative particles have 
momenta p+ = 12404200, p— =8.140.1 Mev/c. In event 2, 
p+ =4344, p— =228+20 Mev/c, with an included angle of 
68+1°; both particles appear to have minimum ionization. 
The upper mass limits of the negative particle of event 1 and 
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the positive of event 2 are 16 and 93 m,, respectively; thus 
these particles are assumed to be electrons. In event 2, the 
momentum and ionization of the negative particle are com- 
patible with its being a light meson. Assuming that both 
events represent decays of the same neutral particle into a pion 
and electron, the Q-values are 18 and 48 Mev, indicating that 


L AND M 


it is probably necessary to invoke a three-body decay scheme 


involving an additional neutral particle. 

* Work supported by a joint contract with the U. S. Atomic Energy 
Commission and the Office of Naval Research. 

t On leave of absence from Naval Research Laboratory 

1 We would like to thank Dr. R. P. Shutt and his group at Brookhaven 
National Laboratory for kindly making available these ex posure 


Post-Deadline Papers, If Any 





TUESDAY MORNING AT 


9 :30 


Auditorio de Comercio 


(FERNANDO ALBA ANDRADE 


presiding) 


Reactions of Transmutation; Scattering 


M1. Study of Li’(p,p’y~) and Li’(p,y) Reactions.* K. M. 
Wittiamson, Duke Unwersity, anp K. W. Jones, University of 
North Carolina.—The yield of hard and soft gammas from 
Li’ +p has been studied in the region of 2-Mev proton energy. 
Theoretical analysis of Wilkinson! makes a study of the be- 
havior of the hard gammas over a wide proton energy interval 
of interest. The yield of 478-kev gammas taken at 135° shows 
a steady rise from 1.5 to 2.6 Mev with a 10% dip at 1.88 Mev,? 
apparently corresponding to a Wigner cusp. A 2-in. X2-in. 
Nal scintillator allowed a partial separation of the 16- and 19- 
Mev capture gammas. Capture gamma data taken at 0° shows 
a 20% rise at 2.05 Mev with a width of 300 kev in agreement 
with Price.’ The 90° data shows a peak twice as high, of similar 
width and position, which is asymmetric with respect to proton 
energy. This data indicates that only the 16-Mev gamma is 
resonant. The intensity ratio of 16- to 19-Mev gammas is 3/2 
to within 30% between 1 and 3.5 Mev. The intensity of both 
gammas at 0° divided by the intensity at 90° is 1.5+0.4 at 
2.7-Mev and 3.5-Mey proton energy. 


Blak work was supported in part by the U. S. Atomic Energy Com- 


mrp. "YI. Wilkinson, Phil. Mag. 45, 259 (1954). 
*R. C, Hanna, Phil, Mag. 46, 381 (1955). 
+P. C. Price, Proc. Phys. Soc. (London) hor, 849 (1954), 


M2. Li(p,n) Reaction near Threshold.* H. W. Newson, 
Duke University.—The shape of the total neutron yield curve 
for this reaction has been measured in detail from threshold 
to 2.5 Mev. Between 1.89 and 1.94 Mev the cross section fol- 
lows the equation, o = (5/2)#A*x/(1+ x)", where x=T',/T,=1 
at 50 kev above threshold. Small deviations occur above 1.93 
Mev, apparently due to the effect of the resonance at 2.25 
Mev. Large deviations occur up to 4 kev above threshold ; this 
is apparently the region where protons drop below threshold 
energy while traversing the target. The neutron yield near 
threshold appears to be almost entirely due to a single reso- 
nance several hundred kev wide which peaks so near the 
threshold energy that the term (E—£o)*/I™, which usually 
appears in the Breit-Wigner formula, may be neglected in the 
above equation, The absolute value for the cross section as 
calculated here is in excellent agreement with the determi- 
nation of Taschek and Hemmindinger. The thermal cross 
section for the Be?(n,p) reaction is calculated to be 45 000 b, 
in good agreement with Hanna. An attempt has been made to 
fit the experimental points with the 2~ level and the 3* level 
proposed by Adair for the peak at 2.25 Mev; the calculated 
values fall decidedly below the experimental at 2.4—2.6 Mev. 
Evidently, at least one more resonance must contribute to 
the reaction in the energy region studied. 


* This work was supported in part by the U. S, Atomic Energy Com- 
mission, 


M3. Scattering of Alpha Particles from Helium and the 
3-Mev State in Be*. G. C. Puitiips, J. L. Russe_i_, anp 
C. W. Reicu, The Rice Institute.—The singly charged alpha 
particle beam from The Rice Institute electrostatic generator 
has been used to study the scattering in helium gas in the 
energy interval 3 to 6 Mev using a large volume, differentially 
pumped, gas scattering chamber. Excitation curves were ob- 
tained at c.m. angles of 30°33.5’, 40°, 54°44’, and 70°7.5’. 
All curves except the 54° curve show an anomaly at 6-Mev 
bombarding energy. All of the excitation curves are consistent 
with a level in Be* at 2.9 Mev of width 0.8 Mey and of spin 
2*. Phase-shift analyses have been carried out to fit the ex- 
citation curves and angular distributions at 4.2, 4.75, and 5.4- 
Mev bombarding energies. The s-wave phase shift monoton- 
ically decreases from about 115° to 90° between 3.8 and 5.8 
Mev. The d-wave phase shift increases from zero near 3 Mev 
and attains a value of 90° at about 6 Mev. 


M4. Excitation Curve for Be’(n,a)He*®.* Anput R. SatTTar, 
IRA L. MorGAN, AND Emmett L. Hupspetu, University of 
Texas.—Neutrons in the energy interval 3.3 to 6.1 Mev have 
been produced by bombarding thin deuterium targets with 
deuterons accelerated by the University of Texas Van de 
Graaff machine. Neutrons emerging at 10° fell on a beryllium 
ring, and the He® activity induced in the ring was measured 
with an anthracene counter. Counts were recorded for 5 sec 
(about six half-lives) following a controlled neutron bombard- 
ment. The excitation function rises to a maximum at E,= 
3.73 Mev, then declines to approximately 0.6 of this value at 
E,=6.1 Mev; weak resonances for E,=3.73 and 4.27 Mev 
are indicated, but more data will be required to establish these 
definitely. Absolute values of the cross section are now being 
obtained, so that our data may be compared quantitatively 
to other measurements! which were obtained with neutrons 
of lower energy (1.9 to 4.0 Mey). 

* Assisted by the U. S. Atomic Energy Commission 


' Allen, Burcham, and Wilkinson, Proc. Roy. Soc. 
(1947). 


(London) 192, 114 


MS. Neutrons from the Proton Bombardment of B".{ F. 
AJZENBERG,{ A. Rupin, anp G. D. Jounson, Boston Uni- 
versity, AND M. Mazari,§ M.J.7.—A thin target of isotopic 
boron has been bombarded with 7.03-Mev protons from the 
M.1.T.—O.N.R. Van de Graaff generator. Ilford C-2 emul- 
sions, 400 yw thick, placed at five angles to the incident beam, 
have been used to measure the neutron spectra. Preliminary 
results at four angles (1600 tracks) show groups corresponding 
to the ground state (0 = —2.80+0.06 Mev) and to an excited 
state of C" at 2.04+0.08 Mev. At each of the four angles, the 
ground state group is several times more intense than the 
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group corresponding to the first excited state. A weak neutron 
group of lower energy is also observed: it may be due to the 
reaction Si®(pn)P*. Further scanning is in progress. 


+t This work has been supported in part by the U. S. Air Force, through 
the Office of Scientific Research, and in part by the Office of Naval Research. 

t On leave of absence at Department of Physics, Columbia University, 
New York. 

§ Permanent address 
Mexico, Mexico City. 


Institute of Physics, National University of 


M6. Energy Levels in F'*.t H. A. Hrit anv J. M. Bratr, 
University of Minnesota.—Using a proportional counter, a 
particles from the reaction O'*(p,a)N'* were observed at 90° 
for incident protons ranging in energy from 0.7 and 3.5 Mev 
(laboratory coordinate system). Above the threshold for the 
reaction O'*(p,n)F'* (2.58 Mev) neutrons were observed at 
0°, using a “long counter” as a detector. The target, an NiO 
foil made using oxygen enriched in O"*, was measured to be 
18 kev thick for protons of 1.890 Mev. The a@ particle and 
neutron yields were measured simultaneously in order that a 
comparison could be made of the energies at which resonances 
appear in the yields from the two reactions. Prominent reso- 
nances for the (p,) reaction were observed at proton energies 
of 0.838, 1.688, 1.761, 2.007, 2.378, 2.637, 2.770, 2.929, 3.071, 
3.165, and 3.475 Mev, with weaker resonances at intermediate 
energies. The most prominent resonances in the (p,m) reaction 
were observed at 2.649, 2.772, 3.040, 3.163, 3.264, 3.388, and 
3.484 Mev. 


t+ This work supported in part by the Office of Naval Research and the 
U. S. Atomic Energy Commission. 


M7. (p,p’) and (p,a) Reactions of Potassium.* A. SperpuTO 
AND W. W. Buecuner, M.J.7.—Potassium-iodide targets 
were bombarded with protons at energies of 6.0, 7.0, and 7.5 
Mev and the reaction products analyzed with the broad-range 
magnetic spectrograph at several angles up to 130 degrees to 
the incident beam. Proton and alpha-particle groups, ranging 
in energy from about 2 to 7.5 Mev, were recorded on nuclear 
track emulsions. In addition to the elastically scattered proton 
groups identified with the target and contaminant nuclei, 
seventeen proton groups have been observed which result from 
inelastic collisions. One of these has been identified with the 
4.431 level in C"*. On the basis of intensity considerations and 
the energy shift observed with changes in incident energy and 
angle, the remaining sixteen groups have been assigned to the 
K"(p,p")K® reaction. Preliminary measurements indicate 
levels in K® at the following energies: 2.53, 2.82, 3.03, 3.61, 
3.89, 3.95, 4.10, 4.11, 4.14, 4.48, 4.52, 4.69, 4.77, 4.94, 5.02, 
and 5.18 Mev. Several alpha-particle groups are also observed 
which are from the K*(p,a)A" reaction, the ground-state Q- 
value for which is 1.28 Mev. 


* This work has been supported in part by the joint program of the Office 
of Naval Research and the U. S. Atomic Energy Commission. 


M8. Energy Levels of Si¥.* A. RuBiIN AND F. AJZENBERG,f 
Boston University, AND HANS Mark, M.I.T.—The Al" (dn)Si* 
reaction has been observed with 2.17-Mev deuterons from the 
M.1.T.-Rockefeller Van de Graaff generator. The resultant 
neutrons have been studied by means of Ilford C-2 emulsions, 
400 » thick, placed at nine angles to the incident deutron beam. 
Preliminary results at 0° and 90° (3000 tracks) indicate 12 
groups corresponding to excited states of Si**. Assuming the 
first state of Si** to be at 1.78 Mev' (in this experiment, 1.76 
+0.10 Mev), the other groups correspond to states at 4.37 + 
0.15, 4.794+0.15, 6.2640.06, 6.8340.06, 7.3240.10, 7.89+ 
0.08, 8.49+0.06, 9.25+0.12, 9.86+0.08, 10.09+0.12 (?), and 
10.65+0.08 Mev. The ground state of Si** was not observed: 
the upper limit to the intensity of the corresponding neutron 


group is 0.1 (0°) and 0.2 (90°) of the intensity of the group 
corresponding to the first excited state. 
* This work has been supported in part by the U. S. Air Force, through 
the Office of Scientific Research, and in part by the Office of Naval Research, 
t On leave of absence at Department of Physics, Columbia University, 


New York. 
'P. M. Endt and J. C. Kluyver, Revs. Modern Phys. 26, 95 (1954), 


M9. Coulomb Excitation of Cu, Zn, As, Se, and Ru. G. M. 
TEMMER AND N. P, HeypDENBURG, Carnegie Institution of 
Washington.—Continuing our studies of excited states in 
medium-heavy nuclei with alphas up to 7 Mev,' we have 
investigated gamma rays from natural Cu, Zn, and As", as 
well as enriched isotopes of Se, Ru”, and Ru'!.* As expected, 
the even-even nuclei yield only one gamma ray from their 
first-excited 2* states; the odd nuclei show up to four gamma 
rays. We have made use of angular distribution measurements, 
excitation functions, and coincidence counting to establish 
decay schemes in As’, Se’, and Ru™'. In Se’? we observe the 
17.5-sec 160-kev isomeric transition; it is excited indirectly 
via an 86-kev cascade from a 244-kev state. A state at 457 
kev (not seen following beta decay) is deexcited by both direct 
ground-state transition and a 21-kev cascade to the 244-kev 
level. In Ru", we see levels at 127 kev and 307 kev and the 
180-kev cascade between them; only an 89.5-kev state is 
found in Ru”. We merely list the other transitions observed 
(in kev): Cu, 690 and 990; Zn‘, 1040; As’*, 200, 283, 574, 
814; Se™, 635; Se’®, 567; Se™, 615; Se®, 654; Se™, 880. The 
reduced transition probabilities B(Z2) (in 10~* Cm‘) for Se™ 
through Se* are 0.32, 0.60, 0.54, 0.37, and 0.124. All other 
B-values will be presented. 

1N. P. Heydenbur 
No, 3, 17 (1955); G. 
1308 (1955). 


* Isotopes courtesy of G. Scharff-Goldhaber (Se) and Oak Ridge National 
Laboratory (Ru). 


and G. M, Temmer, Bull. Am. Phys. Soc, 30, 
. Temmer and N. P. Heydenburg, Phys. Rev. 98, 


M10. Inelastic Scattering of Photons from Au'”’. L. Mever- 
ScHUTZMEISTER AND V, L, TeLecpi, University of Chicago. 
A lower limit of the total inelastic nuclear photon scattering 
cross section of Au was determined as a function of energy by 
measuring the yield of the reaction Au’ (y,y’)Au"’™(7.5 sec) 
as a function of betatron energy. The use of pneumatic transfer 
and of Na J-counters in good geometry with samples of metal 
disks of 16 g enabled one to obtain good statistics and detailed 
decay curves down to 5 Mev. The result shows that the cross 
section falls off steeply as soon as the competition from (y,n) 
becomes possible. The maximum cross section of about 2.5 mb 
is reached at 7.840.2 Mev. This disagrees with earlier work 
of Cameron and Katz but shows qualitatively the same be- 
havior as Rh. The results indicate a second peak of the cross 
section at about 15 Mev, where the ‘‘giant resonance” has its 
maximum, in agreement with recent work of Hayward and 
Fuller on elastic scattering of Au. The cross section of the 
reaction Au"? (y,2n)Au"(30 sec) was also determined with 
the same equipment. 


M11. Protons from the Bombardment of Several Elements 
with 40-Mev Alpha Particles. KR. M. Eisner, G. loo, anp 
H. E, Weoner, Brookhaven National Laboratory.*—-Thin 
targets of Au, Ag, and Cu were bombarded with 40-Mev alpha 
particles and the energy spectra of protons emitted at 150° 
were measured. According to the compound nucleus model, 
the level density of the residual nucleus is proportional to 
N/Ea, where N is the probability that the compound nucleus 
emits a proton of energy E and a is the cross section for the 
inverse reaction. For each element, log (V/Ea) plotted as a 
function of the excitation energy of the residual nucleus EZ, 
is concave downward. This is in qualitative agreement with the 
Fermi gas level density formula: K exp(AE,)*. For Au, N/Ea@ 
fits this formula with A «5.8 Mev"' when E,>2 Mev; when 
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E,<2 Mev, N/Ea increases less rapidly with increasing E, 
than the formula. For Ag, N/Ea fits with A =4.7 Mev™ for 
all Z,. For Cu, N/Ea fits with A=5.4 Mev™ when E,>4.5 
Mev; when E,<4.5 Mev, N/Ee increases more rapidly than 
the formula. In the region of 150°, the cross section for the 
emission of lower-energy protons is isotropic, but the cross 
section for high-energy protons decreases slightly with in- 
creasing angle. Thus the spectra, in the region of small £,, 
are probably contaminated with protons from noncompound 
nucleus processes. 

4 nae h carried out under the auspices of the U. S. Atomic Energy 


M12. Scattering of 30-90 Mev Gamma-Rays by Protons.* 
C, L. OxLey anv V. L. Tececpi, The University of Chicago.— 
We have measured the (elastic) scattering of photons by 
protons using the bremsstrahlung beam from 98-Mev betatron 
electrons, a liquid hydrogen target, and a converter-telescope 
detector. The counter efficiency was found from the response 
to monoenergetic electrons incident upon a series of partial 
thicknesses of the regular lead converter. The product of 
counter efficiency and incident gamma spectrum rises from 
zero near 20 Mev to a nearly constant value from 35-90 Mev. 
By measuring the scattering from 1/20 and 1/40 radiation 
length carbon targets, we have satisfied ourselves that, at the 
angles measured, we are free from shower effects which would 
go quadratically with target thickness. A simultaneous meas- 
urement of scattered electrons convinces us that false gamma 
counts from converted electrons or electrons not rejected by 
the anticoincidence are negligible. The cross sections have been 
measured to 8% statistical accuracy at 60, 90, 120, and 150 
degrees. The cross section shows little deviation from the 
Thomson value except for a rise at 60 degrees. Further data 
on the forward scattering will be presented. 


* Research supported by « joint program of the Office of Naval Research 
and the U, 8, Atomic Energy Commission. 


M13. Elastic Proton-Proton Scattering in the Bev Range.* 
Bruce Cork, AND W. A. Wenzet, University of California, 
Berkeley.—-Measurement of the differential cross section for 
elastic proton-proton scattering as a function of angle at 
Bevatron energies is in progress. The internal beam monitored 
by an electrostatic induction electrode strikes a polyethylene 
target in the upstream end of a straight section. Protons 
scattered at angles from 10° to 45° in the laboratory emerge 
through a thin (0.090-in.) aluminum window on the outside 
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radius of the bevatron. These are detected by a two-counter 
telescope in coincidence with a similar telescope on the inside 
radius of the bevatron, which detects the larger angle recoil. 
Fourfold coincidences with a time resolution of 6X10~ sec 
and good geometrical resolution (10~* steradian) permit 
separation of the elastic peak from a rather large inelastic 
background. Preliminary center-of-mass angular distributions 
are as follows: 


, 1.2; 69°, 0.70; 92.5°, 0.40, 
, 0.13, 


2.24 Bev: 43°, 3.0; 56.5 

3.49 Bev: 46.5°, 0.45; 63°, 0.15: 77 

4.40 Bev: 52°, 0.20; 67.5°, 0.11 
Absolute values indicate millibarns per steradian with order- 
of-magnitude accuracy only. Experiments are under way to 
increase the accuracy of the absolute measurements and to 
extend the measurements to smaller angles and higher energies. 


* This work was performed under the auspices of the U.S. Atomic Energy 


Commission 


M14. Total-Absorption Spectrometer Measurements of the 
Gamma Rays Emitted from Targets Bombarded with 6.2-Bev 
Protons.* RoGeER W. WALLACE, MALVERN H. L. JesTer,t 
AND JOHN M. BRraBant, University of California, Berkeley.— 
A Cerenkov spectrometer has been constructed that consists 
of a piece of glass, containing 52% of PbO, 12 in. in diameter 
and 14 in. long, viewed by four 5-in.-diameter photomulti- 
pliers. The Cerenkov radiation emitted by electron showers 
initiated by incident gamma rays is nearly proportional to the 
incident gamma-ray energy from 50 Mev to 1.4 Bev. The 
spectrometer has been calibrated up to 1.4 Bev by the pulses 
produced by electrons deflected in a magnetic field. This cali- 
bration allows cosmic-ray 4 mesons to be used to check the 
energy scale. Above 200 Mev, the measured energy resolution 
of the spectrometer is 30% and is approximately independent 
of energy. To eliminate incident charged particles, the spec- 
trometer is operated behind a 13-in.-diameter anticoincidence 
plastic scintillator counter. Only those showers are analyzed 
that start in a lead converter 4 in. in diameter by 3/8 in. thick 
placed behind the anticoincidence counter and in front of a 
thin coincidence counter, The sum of the four photomultiplier 
pulses is fed into a fast 10-channel pulse-height analyzer. The 
spectrum of gamma rays observed from circulating protons 
up to 6.2 Bev will be presented. 

S. Atomic Energy 


31, NAS, 


* This work was performed under the auspices of the | 
Commission. 

t Present address: Lt. M. H 
Norfolk, Virginia. 
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(L. MARTON presiding) 


Optical Physics; Electron Physics 


Ql. Flame Zone Spectroscopy of Solid Propellants. II. 
R. G. Rekers anv D. S. Vitvars, U.S. Naval Ordnance Test 
Station.—With the aid of the automatic-feed strand bomb 
previously described,' spectra of JP N burning in nitrogen have 
been investigated over the visible and ultraviolet. Throughout 
the pressure range, 300 to 500 psi nitrogen, emission from the 
flame zone exhibits a continuous background which extends 
into the ultraviolet to approximately 3200 A. Accompanying 
this continuum are some of the more prominent lines of spectra 
due to sodium, potassium, calcium, copper, and iron. Calcium 
oxide bands in the 6260 region (orange system) and in the 
5500 region (green system) have been identified. Furthermore, 
a multitude of weak lines is observed in the wavelength region 
4600 to 5800 A. Both the Swan and the high-pressure bands 
attributed to Cz are present in this flame. The dividing line 
between flame and fizz zones does not appear to be sharp. No 
absorption in the visible region has been found in the fizz zone 
over the pressure range 25 to 150 psi nitrogen. Nitric-oxide 
absorption originally noted has been shown to originate from 
the external atmosphere surrounding the flame. This indicates 
that formation of NO, is a secondary reaction. 


1 R. G. Rekers and D. S. Villars, Rev. Sci. Instr, 25, 424-429 (1954). 


Q2. Precision of Microwave Spectrographs.* M. W. P. 
STRANDBERG AND M. Peter, M.J.T.—Microwave molecular 
beam spectroscopes using either absorption or emission of 
radiation, or particle counting techniques, operate within the 
same realm of techniques. The ultimate frequency precision of 
each of these forms of beam spectroscopy is thus simply ex- 
pressible in terms of common parameters. Then based on only 
the most general considerations the particle counting system 
has the highest probability of defining a point on the atomic 
or molecular resonance curve by the square root of ratio of the 
photon energy to the thermal noise energy k7. Practical con- 
siderations can shift this ratio many orders of magnitude either 
way. The microwave absorption spectroscope is unique in 
being able to operate without state selection and without beam 
flow. In this form of operation the resolution is less because of 
Doppler broadening. However, the over-all precision of an 
absorption spectrograph can be greatly increased over beam 
operation since the amount of active material, and hence power 
handling capability, can be greatly increased without the need 
of absurd flow handling capacity. 

* This work was supported in part by the Signal Corps; the Office of 


Scientific Research, Air Research and Development Command; and the 
Office of Naval Research 


Q3. Intensity of Vibronic Bands in 3000-5000 A Absorption 
System of Chlorine Dioxide.* J. K. Warp, Boeing Airplane 
Company, and C. M. Loyp, A & M College of Texas (intro- 
duced by J. B. Coon).—-The Franck-Condon principle relates 
the relative intensities of the vibronic bands of an absorption 
system to the change in geometry of the molecule during the 
associated electronic transition. The vibrational frequencies! 
and the geometry of both ground and excited state? of the 
chlorine dioxide molecule are known. On the basis of this 
information, the Condon overlap integrals were evaluated to 
the harmonic approximation, giving theoretical relative in- 
tensities for the bands of progressions (a) (v,'00)-+(000) and 
(b) (v;/10)—+(000). Measurements of the relative intensities 
of the bands of these progressions were made photographically 
at several different concentrations and path lengths. A ro- 


tating sector was used for plate calibration, About twenty 
determinations with optical densities of 0.1 to 0.6 were made 
for each band, avoiding extreme densitometer readings. Back- 
ground intensities were subtracted. The close agreement be- 
tween theory and experiment for the (b) progression suggests 
that the harmonic approximation permits reasonably accurate 
calculated intensities. For the (a) progression, the experi- 
mental intensities are considerably larger, after v,;/=8, than 
those theoretically predicted. This indicates some additional 
intensity effect. 
* Supported by Air Research and Development Command. 


's. Coon and E. Ortiz, Phys. Rev. 82, 766(A) (1951). 
2). K, Ward, Phys. Rev, 82, 845(A) (1954). 


Q4. Excited States of Oxygen from Energy Transfer and 
Light Absorption. Davip H. VoLMAN, University of California, 
Davis.—Recent results' on the deactivation of the excited 
state of oxygen reached by energy transfer from Hg *?, as 
determined by rate of ozone formation show that the added 
gases in order of efficiency as deactivators are He, A, No, and 
CO,. Helium is by far the poorest whereas A and N, are about 
equal in efficiency. Deactivation of the excited triplet O, *%,* 
to lower electronic states is not a probable process for either 
A or He, since energy resonance is not possible with the rare 
gases in this energy region. The results may be explained, 
however, if one assumes that the excited state is vibrationally 
excited O; in the ground electronic state *Z,~. The order of the 
effects of added gases on the formation of ozone from oxygen 
absorbing light of 1849 A are opposite to the foregoing. These 
results are explained by attributing the effects of the added 
gases to a reaction involving O atoms. Since absorption at 
1849 A is in the Schumann-Range bond system, the *"Z,~ state 
of O» must give O atoms by predissociation as first postulated 
by Flory.” 

. Am. Chem, Soc. 76, 6034 (1954). 
hem. Phys. 4, 23 (1936), 


'D. H. Volman, 
*P. J. Flory, J. 


QS. Faraday Effect in Gases-—-Experiment and Theory.* 
L. R. INGersoL_t AND D. H. Liepenpers, University of Wis- 
consin.—Measurements made in this Laboratory on the 
Faraday effect in gases over the spectral range from 3635 A to 
9875 A! now give sufficient material for theoretical application. 
Methane and nitrogen provide a check for diamagnetic mole- 
cules, and the recent Verdet values for oxygen at low pressures, 
which were unavailable to Serber,* should provide an adequate 
check for paramagnetic molecules in the Van Vileck—Serber 
theory. The anomalous behavior of hydrogen and deuterium— 
that is, their Verdet values differ by 2%—presents some 
difficulties for the theory. Reviewing the work of Okazaki* and 
using more recent data, the index of refraction is determined 
for several normal gases. New experimental results have been 
obtained for xenon and krypton and the departures from the 
normal theory in the series of noble gases are noted. 

is work has been supported by the U. S, Office of Naval Research. 
. KR. Ingersoll and W. L. James, Rev. Sci. Instr. 24, 23 (1953); L. R. 
Ingersoll and D. H. Liebenberg, J. Opt. Soc. Am. 44, 566 (1954). Also recent 
unpublished material, 


*R. Serber, Phys. Rev. 41, 495 (1932). 
* A, Okazaki, Mem, Ryojun Coll. Eng. 10, 19 (1937), 


Q6. _-Ray Absorption Measurements of Density of the 
Upper Atmosphere. E. T. Byram, T. A. Cuuses, anno H., 
Friepman, U. S. Naval Research Laboratory.-NRL Aerobee 


*Th 
iL 











18 SESSION Q 


16, flown at White Sands Proving Ground, December 1, 1953, 
was equipped with photon counters to measure solar x-ray 
emission between 10 and 100 A. A helium filled tube equipped 
with a thin window of Mylar polyester film responded almost 
exclusively to wavelengths from 44 to 50 A. Using laboratory 
data on x-ray absorption in air and the rocket measurements of 
x-ray intensity versus altitude, the air density was found to be 
approximately one third the value published by the Rocket 
Panel' between 110 and 130 km. Similar results were obtained 
from an aluminum window photon counter sensitive to wave- 
lengths from 10 to 18 A. At lower altitudes, 70 to 90 km, 
densities computed from absorption of Lyman a(A1216 A), 
measured in several flights in 1952, agreed well with Rocket 
Panel data. 


' Rocket Panel, Phys. Rev, 88, 1027 (1952), 


Q7. Application of Space-Charge Theory to the Determina- 
tion of Electron Emitter Properties.* W. B. Nottincuam, 
M.1.T.—Basic space-charge theory depends on the simul- 
taneous solution of three equations, These equations are: (1) 
Poisson's, (2) Boltzmann's density relation, and (3) the equa- 
tion of current continuity. The solution of these equations 
applicable to parallel plane electrodes leads to methods that 
serve also for coaxial cylinders. Tubes have been constructed 
with oxide cathodes and a ratio of radii collector to emitter of 
2.5. The emitter specifications to be evaluated and reported 
on include the a constant in amp/m* and the work factor ® 
in ev. These constants are useful in the simplified current 
density expression which is a exp(—#/Vr). The temperature 
expressed as Vr is 7/11 600, Also the Richardson constants 
An and @p and the temperature coefficient of the true work 
function are determined, The analysis yields a value for the 
true work function of the collector. 


* This work was su in part 
Scientific Research, Air Research and 
Office of Naval Research, 


the Signal Corps; the Office of 
velopment Command; and the 


Q8. Criterion for the Occurrence of Luminescence. C. C. 
Kuick ann G. A, Russeii, U. S. Naval Research Laboratory, 
anv D. L. Dexter, University of Rochester* and N.R.L.—A 
mechanism will be suggested for the nonradiative quenching 
of excited states of simple impurity centers, namely a crossover 
to the ground electronic state of the center immediately after 
excitation and before thermal equilibrium has had time to 
come about. It is proposed that this mechanism is responsible 
for the absence of strong luminescence in some impurity and 
color centers, e.g., the F-center in alkali halide crystals. The 
quenching process proposed here is applicable only for certain 
geometries of the configuration coordinate diagram, which will 
be discussed with a view to a criterion for strong luminescence. 
The quenching mechanism is consistent with known configu- 
ration coordinate curves and leads to a prediction which is 
experimentally verified, to the effect that the wavelength of 
emitted radiation is not more than twice that of the light 
absorbed by the center. The same mechanism shows the pos- 
sibility of photoconductivity arising from absorption in dis- 
crete lines even at low temperatures. 


* Research supported in part by the U, S. Air Force through the Office 
of Scientific Research of the Air Research and Development Command. 


Q9. Absorption Cross Section for Light in Perfect Solids.* 
D. L. Dexter, University of Rochester.—The interactions of 
an atom with its neighbors in an idealized solid are taken into 
account explicitly in treating the absorption of light, as con- 
trasted with the usual introduction of an “effective” field and 
mass. It will be shown that in simple cases the total cross 
section of an atom in a given absorption line j is uninfluenced 
by the dipole coupling with the same transition in neighboring 
atoms of density n, although the transition probability per 
atom is increased by the factor [1+ (#n/3)2e%r;)*/«, }. 


Thus the “effective fields” for polarization, for absorption 
cross section, and for transition probability are all different. 
Additional correction terms arise from transitions /j in the 
neighbors, from exchange and overlap effects, and from higher 
multipole effects. These additional effects are in general 
important. 


* Research supported in part by the U. S. Air Force through the Office 
of Scientific Research of the Air Research and Development Command. 


Q10. Electron Impact Studies with Trimethylamine.* HEr- 
MAN BRANSON AND L. B. Garner II, Howard University.—In 
a study of the ions produced from (CH;),;N in a 60° mass 
spectrometer by varying the energy of the electrons, we have 
used the relation A (x) 2 D(M—X) —I(x) to compute I(x), the 
ionization potential, with D(x), the dissociation energy, de- 
termined from a thermochemical cycle. Our results are 


Mass Reaction Ion A (x) Dix) I(x) 
59 (CHa)sN 9.36 9.36 
44 CHs+(CHa)N (CHs)aN 12.02 3.58 8.44 
29 2CHs+CHiN CHsN 15.24 6.68 8.56 
15 CH; +(CHa)aN CHs 13.11 3.58 9.53 
14 (CHs)»N +CH:+H CH: 18.17 7.38 10.79 
i3 (CHs)sN +CH+2H CH 21.79 10.91 10.88 
12 (CHs):N+C+3H ¢ 25.10 14.41 10.69 


All values are in electron volts and the probable error is +0.2. 
The J(x) values are to be read less than or equal to. The ther- 
mochemical cycles gave 3.58 as the energy of the first C—N 
bond, 3.10 for the second, and 2.85 for the third in trimethyl- 
amine with D(N—N) =9.76 ev. 

* This work is being supported by the U. S. Atomic Energy Commission 
and the Office of Naval Research. 


Q11. Post-Bombardment Conductivity of MgO Crystals.* 
M. A. PomMERANTZ, J. F. MARSHALL, AND R. A. SHATAs, 
Bartol Research Foundation.—In the course of investigations 
of the currents induced by the passage of 1.3-Mev electrons 
from the linear accelerator through thin single crystals of 
MgO at elevated temperatures, it has been observed that 
conductivity persists after the termination of bombardment 
by the high-energy beam. Oscillographic measurements with 
provision for eliminating. the effects of buildup of space 
charge' in the temperature range 620°-695°K reveal an ex- 
ponential decay with time constants 7, between 150 usec and 
9.5 usec, respectively. The measured temperature-dependence, 
r=7, exp(E/kT), agrees with that predicted on the basis of a 
simple theoretical model and yields an activation energy 
E=1Aev. Corresponding time constants as long as 10* sec 
at 343°K are measued at lower temperatures with a micro- 
microammeter. This’ procedure provides a new method for 
determining the numbers and depths of trapping centers in 
insulating crystals. 


S. Army. 


* Assisted by the Office of Ordnance Research, | 
to be published). 


' Pomerantz, Shatas, and Marshall, Phys. Rev. 


Q12. Pulse Characteristics of CdSe Crystals. T. Fiecps, 
E. J. SCHILLINGER, AND J. Kenski, V. A. H., Hines, and 
DePaul University.—Cadmium selenide crystals were exposed 
to beta particles from P® and the resultant pulse character- 
istics determined. Counting efficiency versus field strength was 
measured, giving approximately linear relationship. A tech- 
nique of determining the effective ionization potential of this 
semi-conductor is described, yielding values from 4.0 to 7.5 ev 
per ion pair for three tested crystals. 


Q13. Irradiation Effects in Some Organic Compounds. 
T. H. Anperson, R. D. JorDAN, AND R. S. Atcer, U. S. 
Naval Radiological Defense Laboratory.—Simple organic com- 
pounds excited at 90°K by bombardment with electrons or 
x-rays develop color centers and exhibit thermoluminescence 
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similar to that found in inorganic systems. In the glassy 
alcohols, the color centers are stable in the dark at low tem- 
peratures but can be bleached either by white light or by 
thermal excitation. The absorption bands have a simple broad 
bell shape with the peak occurring for methanol at 5200 A; 
ethanol, 55 A; ethylene glycol, 5200 A; and glycerol, 5000 A. 
The bands widths and maxima are greater than that produced 
in KBr under the same exposure conditions, indicating a greater 
sensitivity. Crystalline ketonic compounds also colored, but, 
additionally, showed thermoluminescence spectrally similar to 


the known ultraviolet excited fluorescence of carbonyl com- 
pounds.' Acetone, diethyl ketone, and phenyl acetone had 
single glow peaks indicating a trap depth of 0.15 ev. Hepta- 
none, undecanone, and tridecanone showed additional broad 
peaks at 0.22 ev. Optical bleaching removed both color and 
luminescence. The order of increasing dosage necessary to 
produce a given degree of coloring is ethanol, acetone, ether, 
chloroform, acetic acid, and benezene. This series follows the 
trend of the G-values for radiation decomposition. 


'W. E, Kaskaw and A, B, F, Duncan, J, Chem, Phys. 16, 223 (1948). 





TUESDAY AFTERNOON AT 15:00 


Auditorio de Comercio 


(SALVADOR MOsQUEIRA presiding) 


General Physics 


R1. Spin Resonance in Metals as Altered by the Over- 
hauser Effect. J. I. KapLan, U. S. Naval Research Laboratory. 

It is shown that the electron spin resonance absorption line 
shape in metal particles, small compared to thin skin depth, 
can be appreciably altered by the Overhauser effect. In a 
special limiting case the line shape will depend upon the di- 
rection of sweep of the applied constant field Ho. In general 
the absorption will be nonsymmetrical, 


R2. Electron Spin Resonance in Cu-Mn and Ag-Mn Alloys. 
J. Owen,* M. E. Browne, anv A. F. Kip, University of 
California, Berkeley.—We have observed resonance absoprtion 
in alloys containing 0.05 to 2.0 atomic percent Mn, using 
wavelengths of 1.25 and 3.0 cm, a temperature range of 2°-- 
290°K, and a magnetic field range of 0-10 kgauss. The speci- 
mens have been in the form of 0.005-in. thick sheets. We find 
that for a given concentration of Mn, both Ag and Cu alloys 
give a similar absorption line. The position, width, and shape 
of the line depend on Mn concentration and temperature. 
With 0.05% Mn, the g-value is close to 2.0 at all temperatures, 
but, as the Mn concentration is increased, the line shifts to 
lower fields and the apparent g-value is greater than 2 by an 
amount which varies very roughly as concentration/tempera- 
ture. No hfs from the Mn nuclei has been observed even in the 
most dilute alloys used so far, where the line width (~100 
gauss at 2°K and increasing with 7) is considerably less than 
the expected hyperfine splitting. The results are not incon- 
sistent with the assumption that the resonance is due to Mn?* 
ions which are coupled together by fairly strong exchange 
interaction. A theory of the exchange which arises via the 
conduction electrons is being developed by Professor C. Kittel, 
and this shows some agreement with the experimental results. 


* F.O.A, Fellow. 


R3. Zeeman Effects and Magnetic Properties of Neo- 
dymium Salts.* G. H. Diexe anp L. Heroux, The Johns 
Hopkins University.—The Zeeman effect of the absorption 
lines of rare earth salts can give a quantitative evaluation of 
the crystal field as well as the magnetic properties of the salts 
and the classification of the electronic levels. Data at liquid 
helium temperature were obtained on five neodymium salts. 
The effects are highly anisotropic and quite different for the 
various salts. They can be interpreted from the Stark splitting 
in crystal fields of appropriate symmetry which produce in 
first approximation a mixing of Stark levels with different M. 
The composition of normal states of the following trigonal 
neodymium compounds are: magnesium double nitrate, 0.84 








(M =1/2)0.12(5/2)0.24(7/2); bromate, 0,63(1/2)0.37(7/2); 
ethyl sulfate, 0.35(1/2)0.03(5/2)0.6s(7/2). The second Stark 
level of the double nitrate is 0.73(3/2)0.27(9/2). The order of 
the sublevels of the excited states appears to be different for 
different salts. The magnetic susceptibilities derived from the 
data are strongly anisotropic at low temperatures and bear no 
relation to those of the free ions. 


* Work done with the support of the U. S. Atomic Energy Commission. 


R4. Critical Phenomena in the Triethylamine-Water Sys- 
tem. F. Kon_ter* ann O. K. Rice, University of North Carolina, 
—The system triethylamine-water, which has a lower critical 
point at 18.29°C, is the only one for which the details of the 
critical behavior have been reported to be in agreement with 
the preduction of a “derby hat’’ region, according to Mayer's 
theory of conderisation.' Therefore the consolute curve should 
have a horizontal section of at least the width of the ‘derby 
hat” region, which was reported to extend from x =0.65 to 
x =0.10 (x being the molefraction of triethylamine). In con- 
tradiction to this, our experimental findings show no hori- 
zontal section in this concentration range. There is, however, 
pretty good evidence for a horizontal portion of the consolute 
curve from x =0.0935 to x =0.0636 (which corresponds to 
¢ =0.442 and g =0.343, ¢ being the volume fraction). Over a 
greater concentration range (7'—T-.)* or, better (T—T, 
+0.007)"*, is proportional to ¢’— ¢” (y’ and ¢”’ refer to the 
consolute curve at temperature 7, T, being the critical tem- 
perature). This is the same relation as is found for systems 
with upper critical points, but the cubic curve in this case is 
somewhat flatter than for the other systems. 

* Participant in the F.O.A. Scientist's Research Project 

‘J. E, Mayer, Changements des phases, Compt. rend., 2* Reunion chim. 
Phys. (Paris, 1952), p. 35. 


RS. Systematic Application of Physical and Mathematical 
Methods to the Exploitation of Mexican Oil Fields. A. 
RoMERO-JUAREZ AND J. Herreran V, Petréleos Mexicanos, 
México.—This paper reports the way in which physical 
principles have been applied to increase the recoverable re- 
serves in Mexican oil fields. By use of the methods developed 
by M. Muskat, W. Hurst, R. J. Schilthuis, and M. C. Leverett, 
among others, it is possible to solve a number of problems 
related to the prediction of oil reservoir behavior, to cal- 
culate the effect of water or gas injection, optimum rate of 
production, or the effect of a fracture or acid treatment, for 
instance. Special consideration is given to the problem of 
describing the variation in time of the buildup pressure of a. 
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partially penetrating well; this is a nonsteady state flow 
problem which has been encountered frequently and which is 
not treated in the available literature. Solution of the type of 
problems described and its systematic application has ef- 
fectively contributed, and will do even more so in the near 
future, to improve the methods of exploitation of our natural 
oil resources, a necessary condition to meet the impressive 
rate of increasing consumption (12 to 15% per annum) of 
fuels in this country. 


R6. Some Observations of Geomagnetic Micropulsations. 
H. J. Durrus, Pacific Naval Laboratory, British Columbia, 
(introduced by W. N. English).—The diurnal variation and 
the spatial and frequency distributions of the components of 
geomagnetic micropulsations are found to disagree quali- 
tatively with all theories as to their origin. Being narrow band 
trains of sinusoidal waves with amplitudes of 0.01 to 10 x 10-5 
gauss and periods of 1 to 500 sec they occupy the frequency 
range of electromagnetic background below that caused by 
thunderstorm activity and above that associated with sudden 
commencements and diurnal variations. Observations have 
been made simultaneously in Canada at Esquimalt, B.C., and 
Halifax, N.S. Three mutually perpendicular induction coils 
15 {t in diameter are used with simple filters and dc amplifiers. 
The dirunal variation of activity during the daylight hours 
shows two maxima which are approximately equally spaced 
about local noon. The frequency distribution during the day- 
light hours shows frequencies between 0.5 and 1.0 cycle per 
minute to have maximum probability. This single maximum 
is at variance with the double maximum found by observers 
at Eskdalemuir in the U.K 


R7. Some New Linear-System Integral Transform Rela- 
tions. MaLtcotm K. BracuMan, Independents’ Geophysical 
Surveys Corporation, AND J. Ross MACDONALD, Texas Instru- 
ments Inc.—Earlier work'* has shown that the Mellin 
transform is a powerful tool for treating lumped- or dis- 
tributed-constant electrical or mechanical linear systems 
exhibiting dispersion. A useful new relation between the 
Mellin transforms of G(r), the relaxation-time distribution 
function, and a(t), the indicial admittance or decay function, 
will be discussed. In addition, a new integral transform con- 
necting G(r) and a(t) will be treated together with direct 
relations between G(r) and the real and imaginary parts of 
the system response function Q(w). Laplace, Fourier, Mellin, 
and Hilbert transforms connecting the quantities character- 
izing a linear dispersive system will be summarized and their 
use illustrated. The utility of complex Dirac delta functions 
in such work also will be discussed. 

|M. K. Brachman and J. R. Macdonald. Physica XX, 1266 (1954), 


*M. K, Brachman, J Appl. “Phys. 26, 497 (1955). 
1M. K. pa met Macdonald (submitted to J. Franklin Inst.). 


R8. Phase Centers of Microwave Antennas. DavipCarter, 
Convair.—This paper is concerned with the location of the 
phase centers of microwave antennas. The inadequacy of con- 
ventional aperture theory for the accurate description of phase 
centers is discussed, Formulas are developed, and for numerical 
indications, calculations are made for paraboloidal reflectors 
of different f/D ratios and a class of primary patterns which 
provide an approximate representation of a great many com- 
mon feeds. The results are presented in graphical form to 
provide useful design information and show the dependence of 
principal EZ- and H-plane phase center location on feed and 
dish parameters. Contrary to the prediction of aperture theory, 
it is shown that the phase centers of axially symmetric an- 
tennas are not in the aperture plane, but that they are dis- 


persed about it. 


R9. Apparatus for a New Magnetism Laboratory. CHARLES 
F. Sourre, The Rice Institute.—A 300-kw direct current 
generator, which is Diesel engine driven, has been installed 


by us for special research purposes. A small building just for 
the generator was designed to reduce vibration, and an exhaust 
to minimize noise and fumes was constructed. The electric 
control features are of interest to research physicists because 
they permit a wide range of very steady current in the magnet 
laboratory. The 4-ton flywheel on the Diesel engine assures 
steady speed and makes possible a great flexibility of output 
current and voltage. Our first big magnet was built by us at 
modest cost and is similar to the iron yoke type!’ now in wide 
use. Performance figures are given for the 2-in. pole gap, 54- 
in. pole diameter (Armco magnet iron), for power up to 75 
kw. The special equipment for cryogenic studies are items 
fitted to our research needs. Finally, we discuss the design of 
our proposed 300-kw magnet. We acknowledge a grant from 
the Robert A. Welch Foundation. The Office of Naval Re- 
search has kindly made the big generator available for our 
use and we are indebted to several groups for technical advice. 


'F, Bitter and F. E. Reed, Rev. Sci. Instr. 22, 171 (1951). 

R10. Nuclear Paramagnetism of Liquid Helium-3.* H. E. 
RORSCHACH, Jr., AND W. V. Houston, The Rice Institute.-—A 
new method of treating the nuclear excitations in a liquid has 
been developed to treat the problem of the Curie law deviation 
of liquid helium-3.! The excitation spectrum of the liquid is 
estimated from a treatment of the nuclear motion in a periodic 
potential. A band structure results which suggests that the 
single-particle spectrum consists of a single narrow band of 
Bloch-type states below a continuum. The susceptibility ratio 
x/xe (where x. is the Curie value) can be calculated for this 
spectrum; the agreement with experiment is good below 
0.4°K. Above 0.4°K, the theoretical curve falls below the 
experimental values. This deviation 0.4°K can be 
understood in terms of the nuclear correlations, and a simple 
way of estimating the correlations will be described. 


above 


* Supported in part by the National Science Foundation. 
1 Fairbank, Ard, and Walters, Phys. Rev. 95, 566 (1954). 


Ril. On the Origin of the Lambda Transition in Liquid 
Helium. Louis Gotpstein, Los Alamos Scientific Laboratory. 
—In recent work an indirect and qualitative proof has been 
presented on the kinetic energy origin of the lambda transi- 
tion.! The proof is based on the temperature variation of the 
mean potential energy, per atom, exchange energy included, 
across the lambda point. Combining these calculated potential 
energies with the empirical liquid helium binding energies, we 
have obtained the approximate mean kinetic energies per 
liquid atom over a temperature interval containing the lambda 
point. The mean kinetic energy was found to exhibit a highly 
nonsymmetric cusp at the lambda point, with a sharply in- 
creasing branch, in the He 11 range, at the approach of transi- 
tion temperature. This provides a quantitative sharpening of 
the proof for the kinetic energy origin of the lambda transition. 
In addition, the calculated mean kinetic energies directly 
demonstrate the existence of the very large zero-point kinetic 
energy of liquid helium over the explored liquid temperature 
range. 


'L, Goldstein and J. Reekie, Phys. Rev. 98, 857 (1955). 

R12. Experimental Thermal Conductivities of Gases and 
Gaseous Mixtures. J. M. Davipson, General Electric Company, 
Richland.—The thermal conductivities of nitrogen, helium, 
carbon dioxide, neon, and their binary mixtures were deter- 
mined at zero degrees centigrade relative to the best estimated 
value for air. The thermal conductivities of mixtures of 
helium-carbon dioxide at 100°C were also determined. The 
method used was an unsteady state determination using large 
concentric cylinders similar to that used by Winkleman. 
Empirical relationships between mole fraction and con- 
ductivity were determined where applicable and they agree 
with the experimental curves within 5%. The results of this 
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work are in agreement with known data of other investigators, 
where available, and are believed accurate to within 2 to 5% 
of the absolute value of the thermal conductivity. 


R13. Semi-Absolute Electrostatic Voltmeter. José MireLes 
Ma tpica, Instituto Politécnico Nacional, Mexico.—Invariance 
of force-voltage characteristics between two conductors with 
respect toa linear expansion or contraction of the system, and 
its simple relationship when distance of separation between 
conductors is maintained constant, permit a one-point cali- 
bration carried out in a standarizing laboratory with the aid 
of an absolute instrument to be extended to all the members 
of a family of instruments. One number represents the root- 
mean-square voltage, the other dynes. It is possible to build a 


Sy TT ARD V 21 
semi-absolute voltmeter suitable to any range of voltages 
chosen ; other datum needed is the value of ‘‘g" of the locality. 
The force voltage relationship is practically unaffected by 
atmospheric pressure and humidity, For high voltages, 
spherical electrodes one radius apart have been chosen, with 
the lower half of the upper electrode as the voltage sensitive 
element. A special balance and counter-weight support the 
sensitive electrode. A spiral spring calibrated in dynes moved 
by a graduated dial balances the force of attraction, main- 
taining the separation between the electrodes fixed. The 
balance, spring, and an index are located inside the upper 
sphere. For low voltages, muitiple flat parallel electrodes close 
together are used. Insulating supports maintain in position 
the elements of the instrument, 


WEDNESDAY MORNING AT 9:30 


Auditorio de Humanidades 


(MANUEL SANDOVAL VALLARTA presiding) 


Invited Papers on “Elementary” Particles 


Sl. Charged K Mesons. H. S. Bripce, M.J.T. (30 min.) 
S2. Photoplate Studies on the K-Meson Family. A. Pevsner, M.J.T. (30 min.) 
S3. Recent Studies of V Particle Production. G. H. TritiinG, California Institute of Technology. 


(30 min.) 


S4. Heavy Mesons and Hyperons: A Progress Report. W. B. Frerrer, University of California. 


(30 min.) 





WEDNESDAY MORNING AT 9:00 


Auditorio de Ciencias 


(E. S. AKELEY presiding) 


Invited Papers in Theoretical Physics 


Tl. Divergences in Field Theory. ALEJANDRO Mepina, Universidad de Mexico. (30 min.) 
T2. Collective Motions and Nuclear Reactions. Marcos Mosuinsky, Universidad de Mexico. 


(30 min.) 


T3. Theory of Gravitation. CarLos Grarer FERNANDEZ, Universidad de Mexico. (30 min.) 
T4. Some Attempts at Quantization of the Gravitational Field. F. J. Betinranre, Purdue Lni- 


versity. (30 min.) 





WEDNESDAY MORNING AT 9:30 


Auditorio de Comercio 


(R. J. SEEGER presiding) 
Fluid Dynamics and Allied Topics 


U1. Linearized Flow Theory and Shock Waves in Metals. 
G. E. Duvatt, Stanford Research Institute.—The steady, 
irrotational, supersonic flow of a compressible fluid in a plane 
is approximately described by a wave equation if the Mach 
number of the flow is but slightly greater than unity.' The 
shock waves induced in solids by detonation of high explosives 
are in many cases adequately treated by a hydrodynamic 
theory, and, since the Mach number is only slightly greater 
than unity, the linearized theory can be applied. Two prob- 
lems are considered. The collision of two metal plates travel- 
ing at high velocity results in a stable flow if the angle between 
the colliding plates does not exceed a value Bo. Bo as calculated 
by the linearized theory turns out to be in good agreement 








with more exact calculations. A more complicated experiment 
is analyzed in which a layer of explosive is placed on each 
side of an iron plate, and the two layers are detonated simul- 
taneously at the same end. The pressure behind the detonation 
front is assumed to be given by a Prandtl-Busseman calcula- 
tion and the plate is found to be split into two, three, or more 
pieces, depending on the ratio of explosive to thick thickness, 


This is in qualitative agreement with the experiments. 
'G. N. Ward, Linearised Theory of High Speed Flow (Cambridge Uni- 
versity Press, Cambridge, England, 1955), ” 


U2. A Proposed Change in Scaling Laws for Explosive 
Phenomena. Everett F. Cox, Sandia Corporation.—Over- 
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pressure measurements from chemical and nuclear explosions 
prove that, without explicitly stated qualifications for meteor- 
ological conditions, presently accepted primary scaling laws! 
for blast pressures in air are erroneous. A modification of the 
scaling laws is therefore proposed: ‘Under similar weather 
conditions, vector distances to equal overpressures, and time 
values at radii of equal overpressures, are proportional to the 
cube roots of charge weights.”” From this proposition, and 
considering blast energy dissipation and acoustic refraction 
for any weather situation, an equation for peak overpressure 
versus distance is derived involving only two empirically de- 
termined quantities: signal duration and the effective energy 
reflection factor over real terrain. For overpressures of less 
than 30 millibars, this equation has been reasonably well 
confirmed experimentally over wide ranges of weather con- 
ditions and explosion energies. 


'R. H. Cole, Underwater Explosions (Princeton University Press, 
Princeton, New Age. 1948), Chaps. 4 and 7; Los Alamos Scientific 
Laboratory, The Effects of Atomic Weapons (McGraw-Hill Book Company, 


Inc., New York, 1950), Eqs. 3.16.1 and 3.16.2. 

U3, Observations of Ionospheric Drifts over Puerto Rico. 
Micuet Wiewa.., JR., Universidad de Puerto Rico.—Three 
receivers with antennas at the corners of a right-angled tri- 
angle with sides 129 m in length receive the ionospheric 
echoes of the pulses sent by a nearby transmitter at 2.33 Mc. 
The interference pattern at ground level produced by echoes 
returned from various points in the ionosphere possesses 
motion which is a function of the component motions of the 
ionized matter in the ionosphere. This appears at the receiver 
antennas as fading of the returned echoes with time lags 
between the fades. Analysis of the data thus obtained may 
yield (a) the drift component and (b) the turbulence com- 
ponent of the motions in the ionosphere. Fading records have 
been obtained for a transmitting frequency of 2.33 Mc, during 
daylight hours several days each week, since February, 1954. 
Similar records for 4.57 Mc have been obtained since June, 
1954. The data have been analyzed for direction of drift by 
the method of similar fades. Data for selected months have 
been subjected to analysis by the six-point correlation method. 
The results are summarized and compared. 


U4. Application of Light-Scattering Theory to the Measure- 
ment of Density Fluctuations in Turbulent Fluids. Howarp 
A. Stine AND WARREN Winovicu, NACA,.—It is shown that 
photometric measurements in the scattered field produced by 
passing a plane light wave through a nonabsorbing turbulent 
fluid can be used to define the integral scale and average 
intensity of density fluctuations. The analysis is based upon 
the scattering cross section deduced by Booker and Gordon 
and thus assumes isotropic fluctuations having an exponen- 
tially decaying autocorrelation. It is also predicated on the 
hypothesis that the scattering centers are large as compared 
to the radiation wavelength. Photometric data taken through 
turbulent boundary layers in air are compared with theory 
to show that, even though the density fluctuations are 
thought to be anisotropic, the functional agreement is good. 
Thus, the technique promises to be a powerful tool for the 
detection and measurement of density fluctuations in com- 
pressible boundary layers, wakes, and jets. 


US. Use of Electric Arc Heating in Ultra-High Temperature 
Aerodynamics. R. W. Perry anv D. E. BLoxsom, A RO, Inc. 
~—Since the composition of air heated directly by electrical 
discharge apparently cannot be appreciably “frozen” by any 
practical quenching rate,’ it is possible that arc-heated air 
may be simply expanded in a nozzle to produce useful flows 
with very high stagnation temperatures. Such flows have 
previously been achieved only indirectly and inefficiently by 
passing a strong shock wave through still air and then further 
expanding the shock-heated and compressed air to the desired 
velocity. A description is given of small-scale experimental 


studies on the composition of arc-heated air after expansion, 
and of the generation and maintenance of strong shock waves 
at high densities, using the sustained-discharge type of elec- 
trically driven shock tube. 


1 Steinmetz, Chem. Met. Eng. 22, 353 (1920 


U6. Hydrodynamic Impact of Curved Surfaces. M. D. 
Biepsoe, David Taylor Model Basin, U. S. Navy, anv V. G. 
SzepeHety, David Taylor Model Basin, U. S. Navy, George 
Washington University, and University of Maryland (intro- 
duced by E. H. Kennarp).—The effect of form parameters 
on the impact pressure are studied for the case of an elongated 
body striking the still water surface. The body rotates around 
a fixed axis parallel to the undisturbed water surface and 
normal to the longitudinal axis of the body. Its transverse 
sections (intersections of the contour of the body with planes 
normal to the longitudinal axis) are expressed as polynomials. 
The body is assumed to be rigid and the water incompressible. 
For the foregoing model, the pressure developed on the body 
is computed as a function of time and position. Several bodies 
are generated by changing systematically the transverse sec- 
tions, and the effect of the shape on the pressure distribution, 
on the location of the maximum pressure, etc., is presented. 
The method presented is based on the basic equations for 
unsteady, incompressible potential flow. 


U7. Slow Motions. K. M. Siecet anp A. L. Marretrt, 
University of Michigan.—A generalization of the separation-of- 
variables technique!’ previously employed to obtain a stream 
function for the flow of a viscous fluid about a sphere and a 
prolate spheroid is presented. Hobson’ used a method due to 
Basset* to transform an electrostatic potential into an ideal 
stream function for an ogive (minor segment of a circle 
rotated about its chord). A generalization of Basset’s method* 
is applied to a Payne’ ideal stream function to obtain a slow 
motion (or viscous) stream function for an ogive. 

'K. M, Siegel, Phys. Rev. 82, 311 (1951). 

2 E, W. Hobson, Cambridge Phil. Trans. XIV, 211 (1889). 

5A. B. Basset, Hydrodynamics (Cambridge University Press, Cambridge, 


England, 1888). 
‘ siege. Halpin, and Maffett, Phys. Rev. 95, 658 (1954). 
‘+L, E. Payne, Quart. Appl. Math. X, No. 3 (October, 1952). 


U8. Drag in a Rotating Cylinder Apparatus near Conditions 
of Free Molecule Flow. J. M. Bowyer, Convair Aircraft 
Corporation, AND L. TaLsot, University of California, Berkeley. 
—An experimental study was made of the drag on a rotating 
cylinder near conditions of free molecule flow. The results of 
this study are compared with a solution to the Boltzmann 
equation obtained by Wang Chang and Uhlenbeck for a 
similar flow between parallel flat plates in relative motion, 
their result having been modified so as to agree to zeroth 
approximation with the free molecule flow solution for a 
rotating cylinder. The agreement between experiment and 
theory was found to be good with argon and air, provided the 
rotor Mach number was less than 0.15 and the Knudsen num- 
ber based on gap width was greater than 2. The agreement 
between theory and experiment was less good for helium 
and krypton. The discrepancies may have been the result of 
large differences in properties between these gases and the 
contaminating residual gases (chiefly air). Irrespective of the 
medium, agreement was also poorer at rotor Mach numbers 
above 0.2 or at Knudsen numbers less than 2. These disagree- 
ments are to be expected, since the theory is valid only for 
small Mach number and large Knudsen number. 


U9. Magnetohydrodynamic Waves in an Ionized Plasma. 
W. A. Newcoms, University of California, Livermore.— 
Magnetohydrodynamic waves are studied by the method 
used by Landau! for plasma oscillations. We linearize the 
Boltzmann equation for small perturbations from equilibrium, 
and then solve it for arbitrary initial conditions, neglecting 
collisions. For large times the solution approaches a plane 
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wave with complex frequency, and a dispersion formula is 
obtained, relating frequency to wave number. Our results 
differ somewhat from those of the conventional hydrodynamic 
treatment. The waves are damped, even without collisions, by 
a mechanism similar to the Landau damping of plasma oscil- 
lations. At zero temperature the two circularly polarized 
components have slightly different velocities, giving rise to a 
Faraday effect. The magnitude of the Faraday effect increases 
with temperature because of shear stresses produced by 
thermal motions of the particles. Beyond a certain critical 
temperature, the thermal stresses begin to increase more 
rapidly, and one circularly polarized component has a much 
larger velocity than is given by the hydrodynamic treatment, 
while the other has a much lower velocity. At still higher 
temperatures the waves cannot exist because of heavy 
damping. 
'L. Landau, J. Phys. 10, 25 (1946), 


U10. Fluctuation of Sound Transmitted in the Ocean. 
R. W. Stewart anno W. N. EnGiisu, Pacific Naval Laboratory. 
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—-Further analysis and sea experiments over a }-mile path at 
frequencies near 18 kc have confirmed and extended the 
results previously reported.' The standard deviation of the 
fluctuation calculated over samples of 100 pulses typically 
lies between 1 and 4 db with maximum about 10 db. The auto 
correlation calculated over a few minutes is near unity for 
intervals less than 0.1 second, then falls sharply to a mean of 
0.5 at 0.3 second, and is close to zero at 2 to 10 seconds. As 
the sample size is increased, longer fluctuation periods are 
continually revealed. The average cross correlation with hori- 
zontal hydrophone separation is high for spacings of a few 
feet and is still 0.5 at 24 feet. In contrast, with vertical 
separation it is low until the spacing has been reduced to a 
few inches. Typically, the spread of cross correlations is 
much wider than if drawn from a single population of normal 
distribution, The cross correlation between simultaneous 
pulses at two frequencies over the same path has a zero 
median, but again a wider distribution than expected. 


1H. L. Grant and R, W, Stewart, Phys. Rev, 92, 1087(A) (1953). 





WEDNESDAY MORNING AT 9:30 


Auditorio de Ingenieria 


(C. Kirre presiding) 


Solid-State Physics 


Vi. Intermolecular Force Fields in High Polymers Com- 
posed of Alternating Dipole Chains. Werner Branot, E£. I. 
du Pont de Nemours and Co., Inc.—Our semi-empirical 
potential energy function of interaction between polymeric 
chain molecules has been extended from the nondipolar case 
of polyethylene! to molecular chains composed of alternating 
atomic dipoles. From this function, the lattice energy per 
chain recurrent unit at O0°K has been calculated for poly- 
tetrafluoroethylene (—CF,—CF:—), and _ polytrifluoro- 
monochloroethylene (—CF,—CFCI—),. The contributions 
from dispersion, induction, and orientation forces have been 
estimated. The force-constants of the Lennard-Jones (12-6) 
potential of the (—CF.,—) group are o =5.45 A and «/k =18.2° 
K, of the (—CFCI—) group o =6.11 A and «/k =25.1°K. The 
compressibilities and their pressure dependence of both poly- 
mers, calculated from the energy of chain interaction, are in 
agreement with experimental data.?# 

!W. Brandt, Phys. Rev, 98, 243 (1955). 

4 5 Ww Bridgman, Proc. Am. Acad. Arts Sci. 76, 71 (1948). 


F. Weir, J. Research Natl. Bur. Standards 46, 207 (1951); ibid. 53, 
245 (1986) 


V2. A Computation of the Vacancies Created by Heavy Cor- 
puscular Radiation. W. S. SNypER AND J. NEuFELD, Oak 
Ridge National Laboratory.—In a monoatomic substance, it 
is considered that a moving atom of energy E displaces an 
atom of the medium if upon collision the energy loss y exceeds 
a threshold a~25 ev, but that the striking atom replaces it if 
E—y<a. Thus the number of vacancies is not equal to the 
number of atoms displaced or “knocked out’’ from their 
original sites. The number of displaced atoms has been cal- 
culated by the authors,' and the methods used there have 
been applied to calculate the number of vacancies. It is found 
that, in general, the number of vacancies is about § the num- 
ber of displaced atoms and is, for velocities of the initial atom 
<e*/h, given by E/3a. 

iW. S. Snyder and J. Neufeld, Phys. Rev. 97, 1637-1646 (1955). 

V3. The Effect of Impurities on Lattice Vibrations.* 


E_utiott W. Montrott anp R. B. Ports, University of 
Maryland.—An impurity, such as an isotope, hole, or inter- 


stitial in an otherwise perfect lattice, can give rise to a local- 
ized vibrational mode with a normal frequency above the 
band. These localized modes and frequencies can be calculated 
either by direct solution of the difference equations for the 
normal frequencies or by use of Green's functions.' A deter- 
mination of zero point energies enables the force law between 
two impurities (e.g., two isotopes, or an interstitial and a hole) 
to be computed, Results have been obtained for the one- 
dimensional and the simple cubic lattices. 


* This research was supported | by the Office of Scientific Research of the 
Air Research and De 
! Fy similar procedure has = used in - theory of electrons in solids: 
. Koster and J. C. Slater, Phys. Rev. 95, 1167 (1954). 


V4. On the Variation with Temperature of the Thermal 
Conductivity of Seven Alkali Halides. Katruryn A. Mc- 
CarTHy AND STANLEY S. BaLLarp,* Tufts University.—The 
thermal conductivity of crystalline barium fluoride, calcium 
fluoride, cesium bromide, cesium iodide, potassium bromide, 
potassium chloride, and sodium chloride have been measured 
over the temperature range from 230°K to 370°K, using the 
comparison method previously reported.' Thermal conductiv- 
ity was found to decrease with increasing temperature within 
this temperature range, for all seven crystals. For potassium 
bromide, potassium chloride, and sodium chloride, thermal 
conductivity varies approximately as 7~'; for calcium fluoride 
the function is more nearly T~' exp(—©/2T), where © is the 
Debye temperature, These results seem to be reasonably con- 
sistent with the theoretical predictions of Klemens,’ namely 
that for T20, thermal conductivity should vary inversely 
with 7, whereas when 70/6, the T™' exp(—©/27) rela- 
tionship is applicable. The temperatures at which we made 
the measurements approximate the Debye temperatures for 
potassium bromide, potassium chloride, and sodium chloride 
but are intermediate between © and ©/6 for calcium fluoride, 
for which @ =474°K. It would be interesting to extend these 
thermal conductivity measurements to somewhat lower tem- 
peratures, to be compared with those of Eucken and Kuhn, 
and de Haas and Biermasz at very low temperatures. 





* Present address: Scripps Institution of Oceanography 
' Ballard, McCarthy, and Davis, Rey. Sci, Instr. 21, 00S 07 (1950). 
*P, G. Klemens, Proc. Roy, Soc. (London) A208, 108 (1951). 
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V5. Surface Trapping in Germanium. H. A. Gessir, M./.7., 
AND K. BLopcGertrt III, Polaroid Corp.—Measurements of the 
steady-state photoconductance versus light intensity have 
been used to investigate surface states. The response for 
N-type specimens in the temperature range 200°K-240°K 
could generally be represented by a linear component and a 
component showing saturation with increasing intensity. The 
latter is attributed to trapping of minority carriers in local- 
ized states. It is now found that the number of these states 
available is dependent on the history of the etched surfaces 

‘and can be changed by ion bombardment. This suggests sur- 
face traps. Concentrations of 10" per cm? have been measured, 
and a decrease with time after etching is observed when the 
surfaces are in contact with oxygen. The rate of hole-electron 
recombination was dominated by the surface term and could 
be found from the linear component of photoconductance. 
No correlation has so far been found between the trap con- 
centration and the surface recombination rate. This suggests 
that more than one type of center is present on these surfaces. 
The excess noise spectra in these crystals is influenced by 
trapping, and changes in noise with surface history have also 
been observed. 


V6. Interaction of Elementary Particles. Josern G. Bar- 
rEDO,* Rocasolano Institute.—Considering the time derivative 
of the number of dipoles in line with carriers, trions, as the 
characteristic variable of a system of particles, the equation 
I = EqF (4qed/m)~t exp(2EF/RT) was deduced which gives 
the current J produced by the recombination of elementary 
particles as a function of the mass m, the charges q and z of 
the particles, the length of the dipole d, the Faraday F, the 
energy of activation of the trion EZ, and the time ¢. This 
equation unifies the description of electrical phenomena not 
explained by equilibrium statistics in which neither the re- 
combination phenomena nor the time were taken into account.’ 
The value 2 of the exponent was proved experimentally to be 
240.001 for the recombination of electrons, holes, and protons 
in semiconductors and in matter in other states of aggregation. 

* Now at the University of Chic 


t ago. 
1 J. G, Barredo, Phys. Rev, 83, 243 (1951); ibid, 98, 229 (1955) ; J. Chem. 
Phys, 19, 1065 (1951); Bull, Am. Phys. Soc. 30, No. 2, 19(A) (1955). 


V7. The Arrangement of Atoms in Wollastonite-Type Crys- 
tals. M,. J. BuerGcer, M.I.T.—Pectolite, NaHCa.Si;O,, has 
space group Pl, a=7.99 b=7.04 c=7.02 A, a=90° 03’, 8 =95° 
17’, y = 102° 28’. In the Patterson map, P(xz), two sets of 
rotation peaks and their unsymmetrical conjugates were 
found, With the aid of these, two minimum function maps, 
M;,(xz), were readily prepared. These were scaled to the 
weights of their respective rotation peaks and combined to 
form M,(xs). This revealed the general nature of the struc- 
ture, Next, the Patterson function P(xy) was decomposed 
into a symmetrical (monoclinic) component and a _ less 
symmetrical superstructure component. The Patterson map 
corresponding to the superstructure 8P(xy) was readily 
solved by minimum function 8M,(xy) for the locations of 
the unsymmetrical atoms. When this was combined with the 
full minimum function M,(xy), the entire structure was 
evident. In this way the locations of the 15 atoms of the 
assymetrical unit were found by direct methods. The same 
methods were also applied to Wollastonite, CaSiO;. Details 
of these structures are given elsewhere. They are definitely 
based upon SiO,~* chains, whose shape is responsible for the 
triclinic symmetry. 


V8. Concerning Present Limitations of X-Ray Analyses of 
Organic Natural Products.* 0. Cano-Corona, Universidad 
Nacional Auténoma de Mexico, anv R. Pepinsky, The Penn- 
sylvania State University.—The usefulness of x-ray structure 
analysis in biochemistry can be enhanced if both diffraction- 
ists and chemists understand the conditions under which an 


x-ray determination is feasible. Factors which enter into cri- 
teria for amenability of crystals to complete analysis are 
outlined. Consider an optically active molecule with perhaps 
fifteen or more nonhydrogen atoms, no heavy atom, and of 
unknown configuration. Unless the cell symmetry is extremely 
favorable, a successful analysis is at present unlikely. Success- 
ful application of (correct!) statistical methods depends upon 
favorable symmetry and chemically recognizable features. 
Introduction of heavy atoms, and particularly anomalous 
scatterers, vastly improves the situation. With optically active 
molecules of twice this size, analyses should be attempted 
only if favorable heavy atoms are present, some chemical 
information concerning configuration is available, and the 
cell symmetry is advantageous. Success with still larger 
molecules may be possible only if major structural principles 
have been established through examination of molecular 
fragments and recognition—on chemical or physical grounds 
—of severe limitations upon the manner in which these frag- 
ments can combine. Accuracy of atomic coordinates decreases, 
and computational costs climb rapidly, with molecular size. 


* Assisted by Rockefeller Foundation and National Institutes of Health. 


V9. Developments in the Statistical Approach to X-Ray 
Crystal Analysis.* V. VAND AND R. Pepinsky, The Pennsyl- 
vania State University.—KEarlier claims for the statistical ap- 
proach to phase determination in x-ray analysis foundered on 
incorrect statistics. The approach aimed at extracting a 
single ‘‘most probable’’ solution. When correct statistics are 
employed, it can be shown that the “most probable”’ solution 
need not correspond to the correct solution, even when homo- 
metric solutions are excluded. The probability for this cor- 
respondence is likely to be quite low for equal-atom structures 
of even moderate complexity. Cochran and Douglas have 
placed the statistical approach on a sounder basis by selecting 
sets of solutions of comparatively high probability, derived 
by a matrix method utilizing Sayre’s relations. Their pro- 
cedure involved between minutes and hours of time on the 
high-speed electronic computer EDSAC. We have modified 
the procedure by introducing constraint matrices and more 
efficient methods for searching for the more probable phase 
permutations. Therewith we can perform by hand computa- 
tions on structures similar to those examined by Cochran and 
Douglas, and in times comparable to those required on 
EDSAC. Use of our procedures with a high-speed digital 
computer will permit application to more complex structures 
in reasonable periods of time. Utilizing X-RAC, we have also 
introduced strong criteria of boundedness and chemical rea- 
sonability which permit selection between the solutions. 

* Development supported by the Office of Naval Research and National 
Institutes of Health. 


V10. Direct X-Ray Determination of Absolute Configura- 
tions of Optically Active Molecules.* Y. Saito, Y. Oxaya, 
AND R. Pepinsky, The Pennsylvania State University.—We 
have shown that when anomalous scattering atoms are pre- 
sent in a crystal, the convolution of the imaginary part of 
scattering material is represented by 


P,(u,v,w) = Dae! Frer|? sin2e (hu +ko+lw).! 


P,(u,v,w) shows peaks of height f;’- fi’ —f;"-fi’ at (u,v,w) and 
Si Si fi fc’ at (—u, —v, —w), where fj =f;'+if;", etc. This 
permits identification of vectors from the anomalous scatterer 
to normal scatterers, and hence directly gives the absolute 
configuration of noncentric distributions about the anomalous 
scatterer. The method has been applied to hexagonal 2-d- 
[Co(en), }Cl,- NaCl-6H,O (en =ethylene diamine), via a gen- 
eralized projection using intensities J(hki2) and I(hki2) 
( =J(hki2), by symmetry], with CuKa radiation scattered 
anomalously by the cobalt atoms. X-RAC computation of 


Py = 42 an Freie? — Firier>") cos2a (hu +kv) 














SESSIONS V, 


revealed the structure and absolute configuration straight- 
forwardly. The results are in agreement with a previous 
analysis* according to the technique described by Bijvoet.* 

* Development supported by Office of Naval Research and National 
Institutes of Health. 

' Okaya, Saito, and Pepinsky, Phys. Rev. (to be published). 

* Saito, Nakatsu, Shiro, and Kuroya, Acta Cryst. 7, 636 (1954); ibid. 


(to be published). 
*J. M. Bijvoet, Nature 173, 888 (1954). 


Vil. Crystal Engineering: A New Concept in Crystallog- 
raphy.* R. Peprrnsky, The Pennsylvania State University.— 
Crystallization of organic ions with metal-containing complex 
ions of suitable sizes, charges, and solubilities results in struc- 
tures with cells and symmetries determined chiefly by pack- 
ing of the comp'ex ions. These cells and symmetries are to a 
good extent controllable; hence crystals with advantageous 
properties can be “‘engineered."’ X-ray examination of a large 
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number of such structures show the complex ions ideally 
placed for structure factor phase determination, both by the 
direct contribution of the ions to the structure factors and 
through image seeking in interatomic vector maps. Locations 
of the complex ions are readily established from such maps. 
Use of optically active complex ions of known hand permits 
direct establishment of the absolute configuration of optically 
active organic ions included in the lattice. Use of complex 
ion salts also facilitates introduction of anomalous scatterers 
into optically active crystals, to permit application of the 
direct method for structure determination recently developed 
by Okaya, Saito, and Pepinsky.' Examples of structures of a 
number of complex ion salts with organic ions are presented 
to illustrate these concepts. 

* Assisted by the Rockefeller Foundation and the National Institutes 


of Health. 
! Okaya, Saito, and Pepinsky, Phys. Rev. (to be published). 





WEDNESDAY AFTERNOON AT 14:30 


Auditorio de Humanidades 


(W. B. Fretrer presiding) 


Invited Papers 
W1. Origin of the Knee of the Latitude Effect of Cosmic Rays. MANUEL SANDOVAL VALLARTA, 


Universidad de Mexico. (30 min.) 


W2. The Low-Energy End of the Primary Cosmic-Ray Spectrum. E. P. Ney, University of Minne- 


sota, (30 min.) 


W3. Studies of Extra-Terrestrial Phenomena during the International Geophysical Year. J. A. 


Srmpson, University of Chicago. (40 min.) 


W4. Design Considerations for Research Reactors. L. B. Borst, New York University. (30 min.) 





WEDNESDAY AFTERNOON AT 14:30 


Auditorio de Ingenirfa 


(J. C. SLATER presiding) 


Invited Papers 


X1. Neutron Crystallography. Ray Perinsky, Pennsylvania State University, (30 min.) 
X2. Neutron Diffraction Studies of Metal-Hydrogen Systems. S. S. Sipnu, Argonne National 


Laboratory. (30 min.) 


X3. The Magnetic Properties of Superconductors. C, F. Souire, The Rice Institute. (30 min.) 


WEDNESDAY AFTERNOON AT 15:00 


Auditorio de Ciencias 


(Jost Mire_tes MAcpica presiding) 


General Nuclear Physics 


Y1. Report on a Liquid Helium Bubble Chamber.* W. M. 
FarrRBaANK, E. M. Harta,t M. E. BLevins, anp G. G. SLAUGH- 
TER, Duke University.—Liquid helium at the normal boiling 
point and one atmosphere pressure was superheated by 
expanding the helium vapor above the liquid, and good 
tracks of Compton electrons from a 4 mc Na™ source were 


obtained. The bubble chamber consisted of a Pyrex cylinder 
5.5 cm in diameter and about 10 cm long, which was immersed 
in a bath of liquid helium. The tracks were photographed in 
a dark field. Good contrast was achieved in spite of the very 
similar indexes of refraction of helium in its liquid and vapor 
phase by placing the camera almost in line with the source of 
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light. The sensitive time of the chamber both before and 

after expansion, as well as the dependence of bubble density 

on specific ionization and track age, are being investigated. 
crack guopereed by the Ofice of Novel Remarch end the Oflice of 
t On leave of abemnes from Naval Research Laboratory. 


Y2. Efficiency of Zinc Sulfide—Plastic Counters for Fast 
Neutrons.* W. J. Rum, Spring Hill College.—Scintillators 
which respond to fast neutrons were prepared by molding 
activated zinc sulfide and transparent hydrocarbon plastics 
(1.5 parts to 10) into cylinders 5 cm in diameter and 1.6 cm 
high. They were fitted to a photomultiplier and used for 
counting fast neutrons. These counters are insensitive to 
gamma rays. The absolute efficiencies of these counters were 
determined for monoenergetic neutrons between zero and six 
Mev, and for several values of the discriminator bias in the 
scaler Typical efficiencies for counting 4-Mev neutrons are 
0.003 with 20 v bias, 0.0003 with 30 v bias. The efficiencies 
increased linearly with the energy of the neutrons. Three 
types of clear plastics were tried in the scintillators, and they 
all gave nearly equal results. Graphs of efficiencies and of 
pulse height analyses of the scintillators will be shown. 


* Work done at the University of Texas and supported by the U. S. 
Atomic Energy Commission. 


Y3. Determination of the Magnetic Field Strength H and 
Its Vector Potential A in Terms of the Magnetic Field Strength 
Hp on a Plane Surface, with Application to the Spiral Ridged 
FFAG Accelerator.” Enwarp S. Aketey, Purdue University 
and the Midwestern Universities Research Association.—lI{ 
vxH =v ‘H=v-A=0, then H and A are expressible as oper- 
ators operating on Hy and Ao, for instance 

Ay = CaAio+Sa[dAzo+kxH, 0], 

where k is a unit vector perpendicular to the plane, z the 
corresponding coordinate. The subscript 4 denotes the com- 
ponent of a vector in the plane. A; and VY; are, respectively, the 
Laplacian and nabla operators in the plane. Ca =cosz./ A; 
and Sa, =sinz\/A;/+/ 4; are operators. Furthermore, given Ho, 
Ao must satisfy a single coordinate equation, but otherwise 
may be chosen arbitrarily. These relations were particularly 
useful in studying the magnetic field of the spiral ridged FF AG 
accelerator 

* Assisted by the National Science Foundation. 


Y4. A Cerenkov Counter for High-Energy Cosmic Rays. 
D. C. Moore anv R. J. Hanson, University of Nebraska.— 
The fact that charged particles moving with a velocity less 
than c/n do not produce Cerenkov radiation makes it possible 
to construct a counter containing a dielectric which will 
count all particles with a velocity greater than c/n (where c 
is the velocity of light in a vacuum and n is the optical index 
of refraction of the dielectric). If a gas is used as dielectric, 
the counter will be sensitive to only extremely energetic 
particles. A counter, using Freon 13 B-1 as a dielectric, has 
been designed and is under construction. It will operate at 
pressures up to 15 atmospheres with an index of up to 1,015. 
By operating at different pressures, it is expected that par- 
ticles can be detected with lower velocity limits from 0.985 c 
to 0,9999 ¢, Design details and such performance measure- 
ments as have been made will be discussed 


YS. Properties of Halogen-Quenched Geiger Counters.” 
H. Suerman, New York University.—Time lags in chlorine 
and iodine-quenched Geiger counters have been investigated 
as a function of various parameters. Pulsed soft x-rays of 
quarter microsecond duration were used as the source of 
ionization. Van Zoonen and Prast' and Shinohara and 
Akutsu’ have measured the efficiencies of bromine-quenched 
counters as a function of radial distance of the ionizing event 
from the central wire, and the latter have given a relationship 


for the efficiency of these counters which depends upon the 
concentration and the negative ion attachment probability of 
the halogen constituent. In our experiments, using a pencil of 
soft x-rays, similar measurements of efficiency have been 
made for chlorine and iodine. Experimental values of time 
lags and efficiency will be presented and compared with the 
foregoing work. 

* Supported by the Office of Naval Research and the Air Research and 


Development Command 
1D. Van nen and G. Prast, Jr., Appl. Sci. Research B3, 1 (1952); 


B4, 196 (1954). 
?K. Shinohara and J. Akutsu, J. Sci. Research Inst. (Tokyo) 47, 80 


(1953). 


Y6. Effects of Operating Proportional Counters in High 
Gamma Fields.* J. T. Bracken,t E. A. RoLtor,t ann J. A. 
MouRBACHER, Convair Aircraft Corporation.—The effect of 
positive ion space charge in an argon-filled proportional 
counter was studied by observing the change in amplitude of 
Po alpha pulses when the counter was operated in high gamma 
fields. A decrease in pulse height of approximately 40% was 
observed when the counter was operated at 1000 v ina gamma 
field of 11 r/hr. The change in gas amplification was measured 
as a function of both the gamma field intensity and applied 
voltage. An empirical relationship was obtained which de- 
scribes the new gas amplification as a function of the initial 
gas amplification and gamma field intensity. 

* Work was performed under contract with Wright Air Development 


Center of the Air Force 
t Now at Lockheed Aircraft Corporation, Marietta, Georgia. 


Y7. Ionization of Cloud-Chamber Tracks.* E. K. Byér- 
NERUD,t California Institute of Technology.—A photoelectric 
method for measuring the specific ionization of tracks on 
cloud-chamber photographs is described. An important fea- 
ture of the method is the use of a comparison track of known 
ionization in the same part of the chamber. A microphotom- 
eter slit is made to scan the track perpendicular to its 
direction, and a tracing of the transmission of the track 
relative to the background transmission is obtained. A param- 
eter relating the transmission of the track in question to 
the transmission of the comparison track is obtained directly 
from the tracings. Identified r-4 decays are used to establish 
a calibration curve, and the method is applied to various 
unknown tracks. The error of measurement is of the order of 
10%. A theoretical treatment of the problem is carried out 
to show the effects of various physical parameters not easily 
ascertained experimentally. 


* Assisted in part by the joint program of the Office of Naval Research 
and the U.S. Atomic Energy Commission ; 
t Now at The RAND Corporation, Santa Monica, California. 


Y8. Apparent Length of Tracks in Nuclear Emulsions. 
T. A. Bropy, National University of Mexico.—In a previous 
publication, a two-dimensional model of a nuclear emulsion 
was used to determine an empirical formula giving the vari- 
ation of length AL of a nuclear track as a function of the 
background grain density d and the linear grain density D in 
the track as 

AL =19.54 +6.02d —0.283D —0.0874D. 


In the present paper, this formula is verified by measurements 
on nuclear emulsions containing uranium a particle and pro- 
ton tracks whose linear grain density is varied by differing 
development, and a background of varying density obtained 
by controlled exposure to 7 rays. 


Y9. Neutron Total Cross Section Measurements between 
13.0 and 16.2 Mev. M. Mazari, F. ALBA, AND V. SERMENT, 
National University of Mexico.—As a continuation of earlier 
work,! neutron total cross-section measurements in Al, Fe, 
Ni, Cu, Zn, Ag, Sn, Hg, Pb, and Bi were obtained with mono- 
energetic neutrons from a H*(d,n)Het reaction. The experi- 
ments were done in order to extend the available information 
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obtained from 0 to 3 Mev by the Wisconsin Group,’ from 3 
to 13 Mev by Nereson and Darden,’ and at 14.12 Mev by 
Coon, Graves, and Barschall.‘ Preliminary results in the 
studied region are as follows: Al increases its total cross 
section, probably approaching a maximum, while in Fe, Cu, 
Ni, and Zn, the cross section decreases smoothly with in- 
creasing neutron energy; Ag has a maximum cross section 
o, of 4.40 barns at about 12.5 Mev, and Sn a o; of 4.70 barns 
at 13.5 Mev; in Hg, Pb, and Bi, the maximum cross sections 
seem to be at 16.0, 15.4, and 15.8 Mev with a o of 5.49, 5.58, 
and 5.75 barns, respectively. 

! Bonner, Alba, Fernandez, and Mazari, Phys. Rev. 94, 651 freee). 

? Miller, Adair, Bockelman, and Darden, Phys. Rev. 88, 83 195 


2). 
+N. Nereson and S. Darden, Phys. Rev. 89, 775 ak Avg 178 (1954). 
4 Coon, Graves, and Barschall, Phys. Rev. 88, 562 (1952). 


Y10. Neutron Detection with BaF? Scintillator.* Norman 
A. Bostrom, Emmett L. HupspetH, AND IRA L. MorcGan, 
University of Texas.—In extending earlier work in this labor- 
atory on the reaction F"(n,a)N, we have sought to measure 
the absolute cross section by use of a BaF; scintillator. Such 
crystals used with a Dumont 6292 photomultiplier and a 
Cs'*7 source yielded pulses of approximately one-fifth the 
height of those obtained from Nal (TI). The delayed activity 
from N"* is readily detectable in such a crystal and has been 
measured as a function of discriminator biasing. Large num- 
bers of low-energy pulses, which cannot be explained on the 
basis of the presently known decay scheme of N"*, are ob- 
served; these may originate from 8 rays of very low energy. 
An estimated lower limit to the cross section for the reaction 
at E, =4.3 Mev (near the first resonance) is tentatively set 
as 30 millibarns; this figure may be revised upward consider- 
ably, pending further study of the decay spectrum. Direct 
determination of the cross section through observation of 
the @ particles formed in very small crystals is now being 
attempted. The possibility of general use of BaF, crystals as 
fast neutron detectors is also under investigation. 

* Assisted by the U. S. Atomic Energy Commission. 


Y11. Nuclear Moments of Gadolinium from Optical Hyper- 
fine Structure.* F. A. Jenkins AnD D. R. Speck, University 
of California.—Separated isotopes are used for the first time 
to investigate the structures due to Gd'** and Gd", The 
superior resolution afforded by multilayer-coated etalons 
shows that contrary to previous assumptions' the spins must 
be small. All resolved patterns show only three to five com- 
ponents. It is possible to interpret these by assigning J =3/2 
to both odd isotopes. In the wide structure of the unclassified 
line \4436.1, the fifth component is ascribed to the most 
abundant even isotope present, and the others do not obey 
the interval rule. Four-component lines like 5856.2, and the 
many three-component ones like 5015.0, are explainable as 
due to the superposition in different relative positions of 
this even isotope component on a four-line pattern. With the 
revised value of the spin, which is at present incomprehensible 
on the shell model, a recalculation of the magnetic moments 
yields 4(155) = —0.31 and w(157) = —0.38 nm. An attempt will 


be made to confirm these values by studying the Gd 1 lines, 
using a new type of ultraviolet-transmitting multilayers. 
Work on the isotope shifts is also in progress. 


* Supported by the National Science Foundation. 
1K. Murakawa, Phys. Rev. 96, 1544 (1954). 


Y12. Coulomb Enhancement of Positron Annihilation in 
Metals.* Ricwarp A. Ferret, University of Maryland,— 
Free electron theory lifetimes for positrons annihilating in 
metals are several times larger than observed.' Coulomb 
attraction causes the discrepancy by increasing the electron 
density at the positron. On the other hand, positronium 
formation does not take place in a metal, as seen from the 
absence of both a slow decay! and a narrow 2-photon angular 
correlation.?. Taking Landsberg’s screened coulomb poten- 
tial,* which yields the sodium soft x-ray emission tail, we 
have made a perturbation calculation of the enhancement of 
the annihilation rate in sodium. Landsberg’s range is suffi- 
ciently short not to give binding and lead to positronium 
formation. Free electron theory predicts a mean annihilation 
lifetime of positrons in sodium of 5.2x10~" sec, while we 
find about 2.310 sec, in better agreement with the 
experimental value! of (1.5+0.5) X10~” sec. The relation to 
Bohm-Pines theory will be discussed. 


Office of Naval Resear 


* Research su ted b 
‘ ie it Richings, Phys. , aay s. 377 (1952); R. EB. 


1S, DeBenedetti and 
Bell and R. L. oo 9 By dL ev. 90, 644 (19: 
4 r Green and A emer, Phys. Rev. 98, 486 (1955). 
T. Landsberg, hy Phys. Soc. (London) A63, 806 (1949), 


Y13. Thick Target Bremsstrahlung Spectra for 1.00-, 1.50-, 
and 2.00-Mev Electrons. E. A. EpeLsack AND W. E. KreGcer, 
U. S. Naval Radiological Defense Laboratory,-A study of 
thick target spectra of the bremsstrahlung radiation for 
electrons was undertaken. The NRDL 2-Mev positive ion 
electrostatic generator was used as the source of mono- 
energetic electrons calibrated relative to the Be*(y,») thres- 
hold taken as 1630 kev and the Li’(p,m) threshold taken as 
1881.4 kev. The long-time energy stability of the accelerator 
was approximately +2%. The present measurements are 
concerned only with the radiation from gold, silver, copper, 
and aluminum targets at electron energies of 1.00, 1.50, and 
2.00 Mev. The target thickness for each element at each 
energy was 10% greater than the calculated maximum range 
of electrons in the target material at the particular energy 
involved. Also a 0.125-in. thick gold target was used for 
some spectral measurements to determine the effect of the 
additional target thickness on the shape of the spectra. The 
photon distribution was measured with a 4-in. by 4-in. 
single crystal gamma-ray scintillation spectrometer. The 
angle y¥ between the collimator-spectrometer axis and the 
direction of the incident electrons was adjusted so that 
y =0°. Some measurements were also made for a value of 
y =90°. The angle 6 between the plane of the target and the 
incident electron beam was 45° for all measurements. Pre- 
liminary experimental results will be presented and these 
results will be compared with computed spectra using exist- 
ing theory. 
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Auditorio de Comercio 


(ALEJANDRO MEDINA presiding) 


Theoretical Physics, II 


Z1. The 7-7 Interaction. R. M. FRANK anv J. F. GAMMEL, 
Los Alamos Scientific Laboratory.—We have made a phase 
shift analysis of some data! on the elastic scattering of tritons 


by tritons. The data can be fit with a 'S phase shift (4) 
which is about that resulting from scattering by a hard 
sphere of radius a=2.35X10~" cm. If a *P —4 is also used 
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in the analysis, the data requires it to be zero.” Since the 'S 
state of He* is bound by 12.25 Mev relative to two free 
tritons, the 'S—6’s must result from a strongly attractive 
interaction. Such an interaction -can give rise to scattering 
which looks like that resulting from a hard sphere. An exam- 
ple of this occurs in the #S state in n-d scattering. Although 
it is probably absurd to do so, one wonders if there is any 
connection between the absence of P-wave scattering in 7-T 
and p-p scattering. A possible explanation of the smallness 
of the *P —é is that the radius of the 7-7 system is small and 
the energy is low. It would be interesting to know if the *P — 
remains small at higher energies (10 Mev). 

1 Dale Holm, Los Alamos Scientific Laboratory, unpublished data at 
1, 799 and 2,013 Mev 

* A confusion of solutions (probably a continuum of them) results if spin 


orbit splitting is Since i é ta can be interpreted in a simple 
manner, it seems u low spin orbit splitting anyhow. 


Z2. Single-Meson Production in Nucleon-Nuclei Col- 
lisions.* Atnert D. WuHeaton, The Ramo-Wooldridge Cor- 
poration.—Total cross sections for the production of charged 
m® mesons during elastic scattering of protons and neutrons 
by heavy nuclei are computed as functions of beam energy. 
The nucleus is represented by a static external field and the 
meson-nucleon coupling taken to be pseudoscalar (7°). The 
closure theorem (i.e., unitarity of the S-matrix) is exploited 
to express the total cross section in terms of the imaginary 
part of the forward scattering amplitudes of higher order 
processes. Feynman-Dyson relativistic perturbation rules are 
then applied to calculate the single meson emission proba- 
bility in first Born approximation. The relation lim,—o 
(x —ie)™ = P(1/x) +i5(x) is used to separate the imaginary 
contributions from the parametric integrals. It is found that 
renormalization effects do not contribute to these imaginary 
terms and therefore need not be explicitly separated. Graphs 
of the cross section versus nucleon energy will be presented, as 
well as critical comments on the approximations employed. 


* Based on portions of a doctoral thesis submitted to M.I,T. in June, 1952. 


Z3. Pion-Pair Production. JuAN De OvarzapaL, Univer- 
sidad de México e Instituto Nacional de la Investigacién Cienti- 
fica.—The present paper analyzes the process of the decay of 
a neutral tau meson into a neutral and two charged pions. 
This process seems to be in agreement with the experiment 
recently reported by Mr. H. Yagoda,' who observed in a 
nuclear emulsion a production of a positive and a negative 
pion pair without any other associated ionizing particles. 


' Herman Vagoda, Phys. Rev, 98, 103 (1955). 


Z4. Production of Pairs in the Capture of Slow Neutrons 
by Protons. A. T. Peaster, Jr.,* Harvard University.—The 
capture of slow neutrons by protons may be regarded as an 
isomeric decay. A possible electrodynamic decay process is 
the emission of an electron-positron pair. Combining the 
Born approximation total M1 internal pair production co- 
efficient' for an energy equal to the deuteron’s binding energy 
with the radiative capture cross section,*? one finds that the 
total pair production cross section for the capture of un- 
polarized thermal neutrons by protons is 0.11 millibarn. 
Since the 'S to *S transition produces a purely transverse 
current, the pair production is a measure of the same nuclear 
currents as the more probable radiative capture. Since the 
latter process is well understood and since the Born approxi- 
mation is clearly valid in this case, the predicted pair pro- 
duction cross section should agree with experiment. Other 
electrodynamic modes of decay of the same order in a, such as 
the conversion of the target's electrons, are much less probable. 


* Now at the Los Alamos tific Laboratory, Los Alamos, New Mexico. 
1M, E. Rose Phys, Rev. oe 678 19. 
*H, Feshbech ant J. Schwinger, Ph 84, 194 (1951). 


Z5. Matrix Element Relations in Beta Decay Theory and 
Nuclear Forces. T. Anrens, Lockheed Aircraft Corporation.— 
Relative magnitudes of beta decay matrix elements consti- 
tute a potential source of information about the nature of 
nuclear forces. As one relates different matrix elements to 
one another, commutators of the Hamiltonian with beta 
decay operators appear. These seem to be analyzable on the 
basis of fairly general assumptions regarding the character of 
of nuclear forces.! Relations for the analysis of antidiagonal 
matrix elements of mixed signature, such as, eg., {Bal 
(L=lepton covariant), are set up. Each of them involves, 
generally among other commutators, a Hamiltonian com- 
mutator whose beta decay operator is also antidiagonal but 
of uniform signature, in the mentioned example aL. Anal- 
ogous relations for antidiagonal matrix elernents of uniform 
signature, like fal, do not contain such terms. In general, 
these terms can have a noticeable effect only if they are at 
least two orders of magnitude larger than their diagonal 
counterparts. Certain types of forces might accomplish this.* 
Careful analysis of nonunique beta spectra of nonallowed 
shape should lend itself to the determination of whether or 
not a sufficiently large “‘antidiagonal effect"’ exists. 


1D. L. 
Phys. Rev. 
*D. 


Pursey, Phil. Mag. 42, 1193 (1951); 
86, 64 (1952). 
. Peaslee, Phys. Rev. 91, 1447 (1953). 


T. Ahrens and E. Feenberg, 


Z6. The Possibility of Interpreting Beta Decay Spectra in 
Terms of Nuclear Forces. M. M. Miter anp T. AHRENS, 
Lockheed Aircraft Corporation.—Beta decay correction factors 
contain nuclear matrix elements whose coefficients differ in 
general from one another in energy dependence. Unless lead- 
ing terms of at least two coefficients differ from each other in 
energy dependence, little reliable knowledge abov’. matrix 
element ratios can be gained from experimental spectral 
shapes. An exception is provided if the leading terms of equal 
energy dependence cancel out. Thus, ones attention is con- 
fined to nonunique spectra. Consideration of first forbidden 
spectra should furthermore be restricted to nonallowed 
shapes, unless statistical interpretations are employed.' 
Limiting the beta interaction to the form S,7,P permits 
one to draw the following conclusions: first forbidden evi- 
dence, strongly suggesting S+7,? can be explained by both 
the presence and absence of special nuclear forces (these 
forces have commutators with uniformly signed diagonal and 
antidiagonal operators that differ markedly from one an- 
other)’; second forbidden evidence, favoring S+T7, is better 
explained by the presence of such special forces. More data 
are needed, however, to make a definite decision. 

1R. W. King and D. C. Peaslee, Phys. Rev. 94, 1284 (1954) 


2G. E. Lee-Whiting, Phys. Rev. 97, 463 (1955). 
* Preceding abstract. 


Z7. On the Field of Bhabha Equation. FerNANpo E. 
Prieto C., Universidad de México e Instituto Nacional de la 
Investigacién Cientifica.—The purpose of this paper is to 
present some properties of the field of Bhabha equation for a 
particle with two different states of mass and spin, properties 
which are very useful in the treatment of problems by the 
usual techniques of field theory. Charge conjugation of the 
field is considered, and vacuum state is defined. Vacuum 
expectation values of second-order terms in the field variables 
are given, and an explicit form of the Feynman propagation 
function is obtained. It is shown that the interaction of 
Bhabha field with a scalar meson field with scalar and vector 
coupling leads to a second-order potential which presents the 
same formal aspect of a Beth. potential. The field formalism 
of Bhabha equation is completely similar to that of Dirac 
equation, and, as long as the commutation rules for the 
matrices of the field are not explicitly used, corresponding 
expressions look identical. It is to be expected that the 
difference between both formalisms will appear only if higher 
order calculations are performed. 
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Z8. Some Neglected Mathematics in the Solution of 
Vibration Problems. DAN McLACHLAN, JR., Stanford Research 
Institute.—In dealing with a vibrating mass having nonlinear 
restoring forces, without damping, one needs solutions of 
equations of the type, 


dy . a 
"iA =+Ky|y|°-, 

where p is any positive real number. It is suggested that the 
solutions could be had in a closed form by doing the same 
thing that has been done for the linear systems, namely 
supplying tables similar to the trigonometric tables. These new 
tables are not based on the circle as are the sine and cosine 
values, but upon other closed figures that are equally interest- 
ing. It is shown that when the force function is a power 
series in ¥, the solutions in special cases reduce to well-known 
elliptic functions and the less known hyperelliptic functions 
as well as others that have received almost no attention. 
It is also shown that the solutions to the problems of vibrat- 
ing strings, membranes, and wave boxes are products of the 
corresponding functions for the vibrating mass. 


Z9. Theory of Multiple Quantum Transitions.* M. N. 
Hack, Princeton University.—Multiple quantum transitions, 
first discussed by M. Goeppert-Mayer,' are currently being 
observed in atomic and molecular beam experiments.? The 
theory of these transitions can be developed on the basis of 
the integral equation for the transition matrix U(#). Since 
spontaneous emission is a negligible process in these experi- 
ments, it is unnecessary to quantize the electromagnetic 
field. As a consequence of the selection rules, the leading 
term for an m-quantum transition occurs in the nth order of 
the Liouville-Neumann solution and accounts for the princi- 
pal observed characteristics of the multiple quantum transi- 
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tions, namely: (1) generalized Bohr condition for resonance, 
w=|E,—E,|/nh; (2) narrow uncertainty width, Aw2r/nt; 
(3) preferential suppression with decreasing rf field; (4) 
dependence on the location of intermediate states. For n =2, 
the theory reduces to that of Mayer! and Hughes and Grab- 
ner.2 Higher order corrections can be treated and are in 
agreement with the theory of Salwen.* 
* This work was supported in —y the U. S. Atomic Energy Commis- 
wea Goeppert fa yo hy 9, 273 (1931). 
2V. W. Hughes and 'L. Grabner, Phys. Rev. 79, 314 (1950); 79, #29 
yee: Se Sot (1951); P. Senet iA Rev. 93. 1022 (1954) ; Reynolds, 
H in, and troke, Bull, Am. Phys. 
Soc. 30, No. 3, Mew Rory ughes and J, S. Geiger, Bull. Am. 
Phys. Soc. 30, No. 3, 66(A) *tioss 


+H. Salwen (to ‘be published 


Z10. Quantum-Statistical Derivation of the Transport 
Equation for Mixtures of Dilute Gases with Molecules of 
Arbitrary Spins. A. W. Saenz, Laboratorio Naval de Investiga- 
cién.—In a previous study' we derived a transport equation 
for a gas composed of particles of spin zero. In the present 
investigation we extend this work to mixtures of dilute gases 
a=1, , | having spins Sg. We employ the properties of 
suitable time-averaged Wigner distribution functions (d,f.'s), 
time-dependent scattering theory, and assume: (1) that 
binary collisions are predominant; (2) that the degree of 
degeneration of the components is slight; (3) molecular chaos 
hypotheses which take into account the S,'s; (4) that the 
time-smoothed d.f.f%.*) for the ath component is only mac- 
roscopically dependent on space and time; and (5) that the 
state of the gas mixture differs but slightly from thermo- 
dynamic equilibrium. The collision integrals in the equation 
for f°. are expressed in terms of exact cross sections for 
binary collisions between the various types of molecules. 


! To be published. A summary is given in Bull. Am, Phys. Soc. 30, No. 3, 
38(A) (1955). 








WEDNESDAY EVENING 


(Hour and place to be designated.) 
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SUPPLEMENTARY PROGRAMME 


SP1. Semi-Absolute Measurements of Voltage and Current.* 
José Mrreces Matpica, Instituto Politécnico Nacional, 
Mexico.—The electrical force-voltage relatiouship between the 
surface of conductors and also the magnetic force-current 
relationship between filamentary conductors remain un- 
changed when the dimensions of the system undergoes a 
linear expansion or contraction. This invariance allows the 
calibration of one instrument to extend to a whole family of 
instruments with only one-point calibration. This possibility 
has been subjected to laboratory tests with very satisfactory 
results, utilizing, in the case of voltages, metallic hollow spheres 
and double flat spirals with noninductive leads in the case of 
currents. Since the measurement of high voltages is of scien- 


tific and technical importance and this method is considered 
a definite improvement, effort was focused in this direction. 
A satisfactory mechanical arrangement has been found which 
permits voltage measurements with great ease and precision 
by semi-absolute methods. The fundamental importance of 
the method resides in the possibility for any researcher of 
improvising an accurate voltage measuring devise without 
the need of calibrating it. All he has to know is that the 
geometry of his system is correct within experimental toler- 
ances, the intensity of gravity in his locality, and the standard 
force-voltage relationship given in the paper. 


* To be given at the end of Session R if time permits. 
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EXPECT to attend the dinner of the American Phys- 

ical Society and the Sociedad Mexicana de Fisica on 

Wednesday evening, August 31. My party will comprise 
.... persons. 





